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(54) Opto-electronic hybrid integration platform, optical sub-module, opto-electronic hybrid 
integration circuit, and process for fabricating platform 



(57) An opto-electronic hybrid integrated circuit, 
characterized by comprising an opto-electronic hybrid 
platform, said platform including an optical waveguide 
including an under-clad, a core, and an over-clad; a sili- 
con terrace, a dielectric layer, and a conductor pattern 
provided inside or on the surface of said dielectric layer; 
thickness of said dielectric layer being set so that height 
of said conductor pattern is substantially equal to a 
height of said optical waveguide over-clad surface; a 
carrier having an optical device holding surface for hold- 
ing an optical device, a carrier height reference surface 
located at a predetermined distance from said optical 
device holding surface, and a carrier electrical wiring; 
and an optical device held on said optical device holding 
surface; wherein a height from said optical functional 
. device active layer to said carrier height reference sur- 
face is set nearly equal to a step between said optical 



waveguide core and said silicon terrace upper surface; 
said carrier electrical wiring and an active layer side 
electrode of said optical functional device are electri- 
cally connected forming an optical sub-module; a silicon 
terrace of said opto-electronic hybrid packaged sub- 
strate and said carrier height reference surface of said 
optical device sub-module contact, and said conductor 
pattern on said dielectric layer of said opto-electronic 
hybrid packaged substrate and said carrier electrical 
wiring of said optical sub-module are electrically. con- 
nected. 
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Description 

[0001] The present invention relates to a hybrid optical integration platform capable of incorporating an optical 
5 tTZZ^\ SU »™T U * e USSd f ° r °P tica, communi ^tion and optical signal processing in addition to optical 
5 waveguides and electr.cal wrings, an optical sub : module which can be equipped on the board, and a hybrid optical inte- 
fZliZn'S^ the ° PtiCal dSViCe 0r ° pt - ical sub -™dule, a "d to a process for fabricating the hybrid optical 

[0002) With recent advance in optical communication. and optical information processing, development of an opto- 

,„ TTT ! nt6 f ra, ' 0n Circuit is in demand - in which active devices are incorporated in low-loss optical waveguides and 
th e 'ike to be driven by a high-frequency electrical-circuit. 

[0003] 7b achieve a circuit incorporated .with active devices on the optical waveguide and high-frequency driven 
three conditions are required for the opfo-electronic.board, which are (1 ) a low-loss optical waveguide function (2) an 
optical bench function to incorporate an optical device on the same. substrate and prevent axis deviation, and (3) a h gh- 
frequency electrical wiring function required to drive the optical device. ' ' 

15 " owever - acircuittha,sa «sfies the above three conditions has not been obtained with the prior art 

[0005] As a pnor art example, Fig. 1 is a schematic perspective view showing construction called "Silicon optical 
bench in which, using a guide groove 2 and positioning reference surfaces 3a, 3b, and 3c formed on a silicon substrate 
1 an optical f.ber4 and a semiconductor laser (LD) 5 are integrated on the silicon substrate. In this construction, since 
the guide groove can be formed with a good precision utilizing good processability of the silicon substrate, integration 

20 of the optical fiber 4 with optical devices such as the semiconductor laser (LD) 5 and a photo-detector (PD) can beT«- 
for optelTdevfci S ' nCe Si ' iCOn SUbStrate fe SUperi ° r in thermal conductivity, it also functions as a good heat sink 

£° 06J ■« ( r Urt «T' the electrical wirin 9 6 is formed dire «ly on the surface of the silicon substrate 1 . or through a very 
thin ox,de film of less than 0.5pm in thickness, but this structure has a problem of considerably deteriorating the high- 

SSSSS^ f ?• ° f . the e ' e ? triCa ' Wiri " 9 6 - That iS ' 10 f0rm the el6CtriCal wiring 6 with * uperi ° r high frequency 
S ? the ela f ,ca wir,n 9 ^ ™ st ha * a a sufficient thickness and be formed on an insulator with small die- 
lectnc loss. However, the s.l.con substrate 1 is very thin in thickness, the resistance is not high enough to ensure the 
high-frequency characteristics, and has a specific resistivity of about 1 k-ohm.cm. 

'TP . ^'o 2 S ! h ° WS niah - fre q uenc y characteristics of a 0.6 mm long coplanar wiring formed directly on the silicon 

iTlSL s' f f 6t ?™7? W ° rkSh0P Di9eSt 0 " 3) P95) - The axis of ordinates indicate * transmission & 
acter.stics S 21 of S parameter and the axis of abscissas indicates a frequency (GHz). Loss of the 0 6 mm lona wirina is 
about 0.4 dB (2 GHz) and about 0.8 dB (10 GHz), which are converted* ,Jn as 7 d*(2 GHz) ai^TdB hTgX 
thus showing a substantial loss. v '* 

E25 >■ °? 0th !. r h . and ' an ° PtiCal packa 9 ed circuit havi "3 an °P«cal waveguide function, application of silica- 
based optical waveguide formed on the silicon substrate is expected. Prior art optical waveguides include (1) a ST 
ype optical waveguide- in which the core is protected with a thin over-cladding layer as shown in Figs. 3A and 38. and 
?n Rgs. 3?an d 3D° P Wave9u,de " in which the core is embedded in a sufficiently thick over-cladding layer as shown 

[0009] Fig. 4 is a schematic perspective view showing an example of the ridge type optical waveguide which is 
2 IR 3 d ° CUmant ; ™* d °cument « "Hybrid-Integrated 4 x 4 Optical Gate Matrix Switch Using Silica-Based 
Optical Waveguides and LD Array Chips", IEEE J. Lightwave Technol.. vol. 1 0, pp. 383-390, 1 992. by Y Yamada et al 
I^tT H h ° WS 3 ° PtiCal inte 9 rated circuit '"Cudlng a s»ica-based optical waveguide 7 formed on the silicon 

substrate 1 and a semiconductor optical device 8. In this example, a semiconductor laser amplifier represents as SLA 
Th optical wavegu.de 7 has a structure of ridge type optical waveguide, in which a core 7a formed on a thick under- 
cladd.ng layer 7c formed on the silicon substrate 1 is protected with very thin cladding layers 7b and 7c The SLA 8 is 
surface packaged in an upside-down construction in which an active layer 8a is facing down in the vicinity of the 
waveguide end, and a heat sink 9 for heat dissipation is provided on the backside. Since, in such a structure the core 

wTZZtT ; e r h Jr ,aadin9 ' ayerS 7b and 7C ' " PTOblemS that ™ the ° ptical wave 9 uida has a la^losj 
(2) ft is table to be affected by external disturbance, and (3) formation of a directional coupler circuit is difficult In par^ 

SIl jr, C0UP 5 r iS an indispensab,e circuit element t0 febncate a high-performance optical circuit, and the 
impossibility of the formation means that application of the ridge type optical waveguide is limited to a narrow area 
Thus, the ridge type optical waveguide does not sufficiently satisfy the optical waveguide function Further electrical 
wiring function is not investigated here. runner, eieancai 

EH°! a T 9 , 5 T WS a " eXamP ' e ° f "° ptiCal wave 9"' da circuit with terrace" (Yamada, Kawachi, Kobayashi: Japanese 
Patent Application Laying-open 63-131 1 04 "Hybrid Optical Integrated Circuit") in which an optical waveguide is fomSd 
in a recess 1 a on a silicon substrate 1 having irregularities and a device is equipped on a protruded part lb In Fig 5 
an under-cladding layer 1 0c of a silica-based optical waveguide 1 0 is formed in the recess 1a of the sLon substrate 1 ' 
and a core layer 10b is formed on top, and finally an embedding cladding layer 10a is formed. The upper surface of the 
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under-cladding layer 10c and the upper surface of the protruded part l b of the silicon substrate are in line in height, and 
the protruded part 1b can be used as a height reference surface of the optical device 8. In such a substrate 1, low-loss 
optical waveguide function and optical bench function are satisfied, but a function to provide high-frequency wirings is 
not considered quite at all. When an electrical wiring is equipped, it is formed on the protruded part 1b of the silicon 
5 substrate 1 , which does not satisfy the requirements for high-frequency characteristics. In Fig. 5, the reference numeral 
8a indicates an active layer, and 1 1 indicates a reference surface for device positioning: 

[0011] • Fig. 6 is a schematic perspective view showing construction of a hybrid optical integrated circuit disclosed in 
Japanese Patent Application Laying-open No. 62-242362. This circuit almost comprises a buffer layer 12 provided on a 
silicon substrate 1, a silica-based optical waveguide 13 provided thereon, a device holding table 14 having the same 
w height from the upper surface of the silicon substrate 1 as the buffer layer 12, a semiconductor laser 15 held in upside- 
down construction on the holding table 14, and an electrical wiring table 16 having a conductive film 16a electrically 
connected with a gold wire to the upper electrode of the semiconductor laser T5 and protrudingly provided on the upper 
surface of the silicon substrate 1 . The reference numeral 1 7 indicates a heat sink. 

[0012] In such a circuit construction, since a difference in height from the upper surface of the buffer layer 12 to the 
15 core of the waveguide 13 is set equal to the difference in height from the upper surface of the device holding table 14 
to the active layer 15a of the semiconductor laser 15, it has an* advantage that optical devices such as a semiconductor 
laser can be equipped with a very high positioning precision. 

[0013] However, even with this circuit, the optical waveguide Y3 is limited to the ridge type, tends to be affected by 
external disturbance, and cannot provide a low loss' optical waveguide* function. 

20 [0014] Fig: 7 is a schematic perspective view showing construction of a hybrid optical integrated circuit disclosed in 
Japanese Patent Application Publication 5-2748. This circuit mainly comprises an optical waveguide ' 18 protrudingly 
disposed with nearly the same height on the silicon substrate, an optical fiber guide 19, an optical device guide 20, an 
electrical wiring holding table 21, a first conductive film (common electrode) - 22 disposed on the silicon substrate 1, a 
s cond conductive film 23 disposed on the upper surface oMhe electrical wiring holding 21 and insulated from the first 

25 conductive film 22, an optical fiber 24 disposed along the optical fiber guide 19, and a laser diode" 25 as an optical 
device disposed long the optical device guide 20. 

[0015] The circuit of this construction, since the optical device' is' equipped directly on the silicon' substrate, has an 

advantage that the silicon substrate can be functioned asa heat sink: '■* " . 

[0016] However, even with this circuit, the optical waveguide- 18 is limited to the ridge type, tends tp be affected by 

30 external disturbance, and cannot provide a low loss optical waveguide function. 

[0017] Fig. 8 is a schematic cross sectional view showingconstr-uction of an optical waveguide device disclosed in 
Japanese Patent Application Laying-open 5-60952; This device mainly comprises a silicon substrate 1, an optical 
waveguide formed on the substrate 1, and a semiconductor device 27 equipped in an upside-down construction in a 
recess of the silicon substrate 1. 

35 [0018] • In the device of this construction, since the optical waveguide 26 is formed oh a convex region of the silicon 
substrate 1, an under-clad of a sufficient thickness'can not be formed. Therefore, it has a large transmission loss, tends 
to be affected by external disturbance, and does not satisfy a sufficient optical waveguide function. ' ' ; 
[0019] Further, in the above device, since the electrical wiring 28 is provided on the silicon substrate V, require- 
ments for high-frequency characteristics are not satisfied. ■ .... 

40 [0020] As. described above, the prior art hybrid optical integration* technology does not satisfy the above three 
requirements. In particular, the high-frequency electrical wiring" function has not been considered^ 
[0021] An object of the present invention is to provide an opto-electronic hybrid packaged platform which satisfy a 
low-loss optical waveguide function, an optical bench function, and a high-frequency electrical wiring function. 
[0022] A further object of the present invention is to provide a process for fabricating an opto-electronic hybrid pack- 

45 aged platform which satisfy the three functions as described above. 

[0023] A still further object of the present invention is to provide an opto- electronic hybrid integration circuit which 
satisfy the three functions as described above. 

[0024] Another object of the present invention is to provide an optical sub-module which satisfy the three functions 
as described above. 

so [0025] According to an aspect of the present invention, one of the foregoing objects can be achieved by providing 
an opto-electronic hybrid packaged platform, having an optical waveguide part, an optical device mounting part, and an 
electrical wiring part provided on a same substrate, wherein the optical device mounting part has a terrace provided as 
a protrusion.on the substrate; and the electrical wiring part has a dielectric layer formed on the substrate and a conduc- 
tor pattern formed on the surface or inside. 

55 [0026] The terrace may be made of silicon material. The substrate may have a silicon terrace for electronic circuit 
formation in addition to the silicon terrace for optical device mounting. An upper surface of the conductor pattern on the ' 
dielectric layer may be set lower than an upper surface of the silicon terrace in the optical device mounting part and at 
least in the vicinity of silicon terrace of the electrical wiring part. 
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[0027]. The silicon terrace may have, a side surface having an. inclination angle; and a.thin film electrode may be 
Jorrned on the surface and the side surface,pf the . silicon terrace, and the thin film, electrode may be electrically con- 
nected to the conductor pattern formed on an upper surface or inside of the dielectric layer in the periphery of the silicon 
terrace.. 



20 



5 [0028] . _,The silicon terrace for optical device may be divided into two or more sections, a space between the divided 
silicon terrace may be filled with the. dielectric layer.and a conductor pattern may be provided on the dielectric layer 
between the silicon terraces for optical device. The optical waveguide part may include a positioning groove formed on 
the silicon. terrace, and an optical fiber fixed in the positioning groove. 

[0029] The optical waveguide part may havean under-cladding layer formed on the substrate, a core, and an over- 
w cladding layer, and a height of. a core bottom surface of the optical waveguide may be set higher than the upper surface 
of the silicon terrace. 

[0030] The optical waveguide may include, at (east one signal optical waveguide and at least one monitor optical 
waveguide. ... ..... .., - ... 

[0031] The optical waveguide may be a dielectric optical waveguide, and. the dielectric layer of the electrical wiring 
15 part may havean under-cladding layer of. the : dielectric optical ^ 

[0032] A second dielectric layer may be. stacked, on a part of a first dielectric. layer, the first dielectric, layer including 
the under-cladding layer of the optical waveguide, the second. die lectric.layerjnclu ding a material different from the opti- 
cal waveguide, and a conductor pattern.may be formed : inside.or on the surface of the second dielectric layer. 
[0033] The substrate may be a silicon substrate, the optical. waveguide. and the electrical wiring part dielectric layer 
are formed, of silica-based optical waveguide, a -conductor pattern formed on the electrical wiring part dielectric layer 
may be. a coplanarwiring having a central conductprand a ground conductor, and the dielectric layer may have a thick- 
ness of 50u.m or. more. , . . >; 4( ; .. . r ^ v , . „ , „ . .. , . 

[0034] .. . The silicon substrate may have an average Resistivity of 50 ohm-cm or more, the optical waveguide and the 
dielectric layer are .formed on silica-based optical .waveguide; a conductor pattern provided on the electrical wiring part 
25 dielectric layer may be a coplanarwiring comprising acentalconductor and a ground conductor, and the dielectric layer 
may have a thickness of 20|im or more. ., v 

f ?? 3 SJ \ rt^primg to. another aspect of .the,pres.ent^n>5ention, one of the foregoing objects can be achieved by pro- 
viding an opto-electronic hybrid packaged platform, having. a. silica- based optical waveguide including an under-clad a 
core and an over-clad which are formed on a silicon substrate; and an electrical wiring layer including a coplanarwiring 
the coplanar wiring having a central conductor anda.grouncflngconductor which are formed on any one of the under- 
clad and the pver r clad,of the silica-based, optical., waveguide, .wherein.- the silica-based optical waveguide defined 
between the electrical wiring layer and the silicon substrate may have a thickness of 50u,m or more. 
[0036] ..According to another aspect of the.present.inyention.one.ofthe foregoing objects can be achieved by pro- 
viding an opto-electronic hybrid packaged platform, having a silica-based optical waveguide including an under-clad a 
core and an over-clad which are formed on a silicon substrate; and an electrical, wiring layer including a coplanar wiring 
the coplanar wiring having a central conductor and. a, grounding conductor which are formed on any one of the under- : 
clad and the over-clad of the silica-based optical waveguide, wherein. the silicon. substrate may have an average resis- 
tivity of .50 ohm-cm. or more, and the si lica : based optical waveguide -defined between the electrical wiring layer and the 
silicon substrate may have a thickness of 20ujti or more.. . - 

[0037] The silica-based-optical waveguide may have a;total thickness of 120um or less. The substrate may be a sil- 
icon substrate having a recess and a protrusion formed on, the.surface, the silicon substrate protrusion functions as the 
silicon terrace,, the optical waveguide may-have an under-cladding layer, a core, and an over-cladding layer formed on 
the recess, and the electrical wiring part may. have a dielectric layer formed on the silicon substrate recess and a con- 
ductor pattern provided on the surface or inside of the dielectric layer: : 

[0038] A conductor pattern may be formed within the substrate, and. the conductor pattern 'in. the substrate and the 
conductor pattern in or.on the dielectric layer are. electrically connected. *. 

[0039] The optical waveguide part may include an under-clad, a core and an over-clad which are formed on the sil- 
icon substrate, wherein the height, of the bottom. surface of the core of the optical waveguide part may be higher than 
that of the upper surface of the silicon terrace, and wherein the conductor pattern of the electrical wiring part may be 
formed on a surface of the.dielectric layer, the. dielectric layer having a height which may be substantially equal to a sur- 
face of the over-clad of the opticaj waveguide. 

[0040] According. to another.aspect of the present invention, one of the foregoing objects can be achieved by pro- 
viding a method for producing a platform, having the steps of: providing a protruding silicon terrace on a substrate- form- 
ing an optical waveguide underbidding layer on the substrate, and flattening the surface; forming a core pattern and 
an over-cladding layer;. removing an over-cladding layer of the silicon . terrace and the electrical wiring part all of the 
core and part of an under-cladding layer to form a device.rnounting part, whereby exposing a silicon terrace upper sur- 
face,, and setting the under-cladding. layer of the electrical, wiring part lower by a desired size than the silicon terrace 
surface; and forming a conductor pattern on the electrical wiring part. 
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[0041] : According to another aspect of the present invention,: one of the foregoing objects can be achieved by pro- 
viding an opto-electronic hybrid integrated circuit, having a packaged pjatform, the platform including: an optical 
waveguide having an under-cladding layer, a core, and an over-cladding layer provided on a substrate; a silicon terrace 
functioning as a device mounting part provided as a protrusion adjacent to the optical waveguide; and an electrical wir- 

5 ing part provided adjacent to the silicon terrace and including a dielectric layer and a conductor pattern provided on the 
surface or inside of the dielectric layer, wherein on the platform, an optical functional device may be mounted on the 
optical device silicon terrace, with an optical device surface facing down and at least part of the optical device surface 
contacted with the silicon terrace upper surface, and maintaining optical coupling with the optical waveguide and elec- 
trical connection with a conductor pattern of the electrical wiring part. 

w [0042] According to another aspect of the present invention, one of the foregoing objects can be achieved by pro- 
viding an opto-electronic hybrid integrated circuit, having a platform, the platform including: an optical waveguide includ- 
ing an under-cladding layer, a core, and an over-cladding layer provided on a substrate; a silicon terrace functioning as 
a device mounting part provided as a protrusion adjacent to the optica I. wave guide;, an electrical wiring part provided 
adjacent to the silicon terrace and including a dielectric layer and a conductor pattern provided on the surface or inside 

75 of the dielectric layer; and an electronic circuit silicon terrace provided as a protrusion on the substrate in the electrical 
wiring part and functioning as an electronic circuit mounting part; wherein on the platform, an optical functional device 
may be mounted on the optical device silicon.terrace, with an optical device surface facing.down and at least part of the 
optical device surface contacted with the silicon terrace uppersurface, and maintaining optical coupling with the optical 
waveguide and electrical connection with a conductor pattern of the electrical wiring part, and an electronic circuit may 

20 be mounted on the silicon terrace while maintaining thermal connection with the silicon terrace. 

[0043] Height of conductor pattern upper surface on the dielectric layer in the vicinity of the electronic circuit silicon 
terrace may be set lower than the electronic circuit silicon terrace upper surface, the electronic circuit may be held with 
part thereof contacted with the electronic circuit silicon terrace, and at least part of electrode on the electronic circuit 
surface may be fixed while maintaining electrical connection with a conductor pattern on the dielectric layer correspond- 

25 ing to the electrode through electroconductive material.- •■ : 

[0044] The optical functional device may be contacted. and fixed : with a backside electrode of the optical functional 
device electrically contacted with a conductor pattern on the-recess.of a sub-carrier.including thermal conductive mate- 
rial provided with the conductor pattern provided on the surface with protrusion and recess and electrically connected 
from the recess surface to the protrusion surface; the silicon terrace may be divided into two or more sections, and a 

30 spacing between the divided silicon terrace may be filled with the dielectric. layer; a first conductor pattern to the elec- 
trode provided on the active layer.side surface, of the optical .functional device and a second conductor pattern corre- 
sponding to the optical functional device backside electrode are provided on the dielectric layer in the periphery of the 
- silicon terrace; height of upper surfaces of the first and second conductor patterns may be set lower than the silicon ter- 
race upper surface; the optical functional device mounted onrthe sub-carrier may be mounted on the platform with the 

35 device surface facing down and while the periphery of the optical, device surface maintaining connection and thermal 
connection with the silicon terrace surface; the optical functional device surface electrode and the first conductor pattern 
are electrically connected through an electroconductive bonding material; and the optical functional device backside 
electrode may be electrically connected with the second conductor pattern through the conductor pattern on. the sub- 
carrier protrusion and an electroconductive bonding. material. *•>-.■ .. * : ;■ - fc ■ ~ • 

40 [0045] The optical functional device may be contacted and fixed with a backside electrode of the optical functional 
-device electrically contacted .with a conductor pattern; on.the recess of a sub-carrier including therrnal ; cpno^ictive mate- 
rial provided with the conductor pattern provided, on the surface with protrusion and recess and electrically connected 
from the recess surface to the protrusion surface; the silicon terrace may be divided into two or more sections, and may 
have an inclination angle; the periphery of the divided silicon terrace may be filled with the dielectric layer; on the die- 

45 lectric layer in the periphery of the silicon terrace, a first conductor pattern corresponding to the electrode provided on 
the active layer side surface of the optical functional device, and height of the first conductor pattern may be set lower 
than the silicon terrace upper surface; a thin film electrode corresponding to the optical functional device backside elec- 
trode may be formed on part of the silicon terrace upper surface and the inclined side surface, and the thin film electrode 
may be electrically connected with. a second conductor pattern provided on the dielectric-! ayer; wherein the optical func- 

50 tional device mounted on the sub-carrier may be mounted on the packaged substrate with the device surface facing 
down and while the periphery of the, optical device surface maintaining connection and thermal connection with the sil- 
icon terrace surface; wherein the optical functional device surface electrode and the first conductor pattern are electri- 
cally connected. through an electroconductive bonding material; and wherein the optical functional device backside 
electrode may be electrically contacted with the second conductor pattern through the conductor pattern on the sub- 

55 carrier protrusion and the thin film electrode on the^silicon terrace. 

[0046] Distance from the sub-carrier, outer side surface to the optical functional device active layer may be set to a 
desired setting value D in the optical functional device fixed on the sub-carrier; a guide structure formed of. the optical 
waveguide material may be provided in the vicinity of the silicon^terrace; distance from. the guide structure. inner side 
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surface to the optical waveguide core .center-may be set to the -setting value D; and the optical functional device may be 
-mounted on the silicon terrace while the sub-carrier outer side surface maintains contact with the guide structure inner 
side surface. ' - - .. -rs ' ^ ' *- . 

[0047] The optical waveguide may include at least one signal line optical waveguide and at least monitor optical 
s waveguide; '*"•"' ' 

the optical functional device may have a signal port and a monitor port formed at positions individually correspond- 
ing to the signal optical waveguide and the monitor optical waveguide on the platform; and the monitor optical 
waveguide of the platform and the monitor port of the optical functional device are optically coupled and, at the 
w same time, the optical functionaldevice may be disposed on the silicon terrace on the platform with the signal opti- 
cal waveguide and the signal, port optically coupled. 3 

[0048] According to another aspect of the present invention, -one of the' foregoing objects can be achieved by pro- 
viding an opto- electronic hybrid integrated circuit,- having: an optical waveguide part including at least one signal optical 

15 waveguide and at least one monitor optical waveguide which are formed on a substrate;' an optical device mounting part 
disposed at an end or a way of the optical waveguide; and: an optical -functional device including a signal port for opti- 
cally connecting the signal optical waveguide of the'optical waveguide part and a monitor port for optically connecting 
the monitor optical waveguide of the optical waveguide part> wherein the monitor optical waveguide of the platform and 
the monitor port of the optical functional device- are- bptically -coupled and the signal optical waveguide of the optical 

20 waveguide part and the signal pbrt-of the optical functional' device are bptically coupled, and the optical functional 
device may be disposed on the optical device- mounting part with optical couples are performed at the same time. 
1 [0049] The other end of the waveguide of the individual ^monitor optical waveguides optically coupled with the opti- 
cal functional device may be conducted to i an end of »the bptb-electronic hybrid platform. 

[0050] two or more optical functional devices are mounted on the opto -electronic hybrid packaged substrate, and 

25 the monitor port of each optical functional device may be optically' coupled with the monitor optical waveguide connect- 
ing the' optical functional device monitor port and -art' end bf-tHe opto-electronic hybrid platform or the monitor>optical 
waveguide connecting be or more optical fUnctibnar devices. - ' . <r . ■ 

[0051] ; : * the : optical functional device mounted bh the ■optoelectronic hybrid platform may have two or more monitor 
ports, the monitor optical waveguides of a'*hui^eriraire^3'o'K , din'g' ; to-the number of the monitor ports are provided on 

30 trie bpto-e lect ro h ic hybri d platform ; an d : at least oh e 'of tfi e mo ri itb r po rts may be set to a width wide r th an the signal port 
width, or at least one of these sign al optical waveguides may be set to a width wider than the signal optical waveguide 
width. " • ■' " ■: . "'" 1 : *" 7 -l r . , v1 . •' 

[0052] ' According to another aspect of the' present invehtibh, one of the foregoing objects can be achieved by pro- 
viding an optical' sub-module- having: ah optical- functional device having an optical device height reference surface at 

35 a predetermined distance' from an" active 'layer; an optical device holding surface for holding the optical functional 
'device; and a carrier having a carrier height reference Surface at a predetermined distance from the optical device hold- 
ing surface arid'a carrier electrical wiring; the optical device height reference surface of the optical functional device and 
the optical device holding surface of the" carrier being contacted and fixed, and an active layer side electrode of the opti- 
cal functional device and the carrier electrical wiring being electrically connected.' .- 

40 [0053] ' the carrier may be formed of a substrate having protrusion and recess and a dielectric layer formed, on the 
substrate-recess, the optical device holding surface arYcf-the'darrier height reference surface are formed of the substrate 
protrusion, and the carrier electrical wiring may be-formed'dn the dielectric layer. 

[0054] The dielectric layer forming the carrier may ; be a film-formed material having an electrical wiring layer-formed 
on the surface and' inside'." - /■ ' '■ - 1 ■ * ".; ' - • 

45 [0055] The carrier electrical wiring may be formed on the surface and inside of the carrier. 

[0056] ' According to another aspect of the present ihvention, one of the foregoing objects can be achieved by pr - 
viding an optb-eie'ctroriic hybrid integrated circuit, having: an opto-electrohic Hybrid platform, the platform including: an 
optical waveguide including an under-clad 1 , a core, an d'a'n over-clad; a silicon terrace, a dielectric layer, and a conductor 
pattern provided inside or on the surface of the dielectric layer; thickness of the dielectric layer being set so that height 

so of the conductor pattern may be substantially equal to a height of the optical waveguide over-clad surface; a carrier hav- 
ing an optical device holding surface for holding an optical device, a carrier height reference surface located at a prede- 
termined distance from the optical device holding surface,' and a carrier electrical wiring; and an optical device held on 
the optical device holding surface; wherein a height from the optical functional device active layer to the carrier height 
reference surface may be set nearly equal to a step between the optical waveguide core and the silicon terrace upper 

55 surface; the carrier electrical wiring and an active layer side electrode of the optical functional device are electrically 
connected forming an optical sub-module; a silicon' terrace of the optb-electronic hybrid packaged substrate and th 
carrier height reference surface of the opticaPdevice' sub-module contact, and the conductor pattern on the dielectric 
layer of the opto-electronic' hybrid packaged substrate and the carrier- electrical wiring of the optical sub-module are 
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electrically connected. * 

[0057] The above and other objects, effects, features and advantages of the present invention will become more 
apparent from the following description of embodiments thereof -taken in conjunction with the accompanying drawings. 

5 Fig. 2 is a graph illustrating high-frequency characteristics of a 0.6 mm long coplanar wiring formed directly on the 

silicon substrate; 

Fig. 3A is a cross -sectional view showing a- platform having a structure of ridge type optical waveguide; 

Fig. 3B is a cross sectional view showing an optical device mounting part of the platform as shown in Fig. 3A; 

Fig. 3C is a cross sectional view showing a platform having a structure of embedded type optical waveguide; 

io Fig. 3D is a cross sectional view showing an optical device mounting part of the platform as shown in Fig. 3D; 

Fig. 4 is a schematic perspective view showing a platform having a ridge type* optical waveguide; 
Fig. 5 is a schematic perspective view showing a platform having an embedded type optical waveguide; 
Fig. 6 is a schematic perspective view showing construction of a hybrid "optical integrated circuit disclosed in Japa- 
nese Patent Application Laying-open No. 62-242362; " . - ' v 

75 Rg. 7 is a schematic perspective view showing construction of a hybrid optical integrated circuit disclosed in Japa- 

nese Patent Application Publication 5-2748; *>r . . 

Fig. 8 is a schematic perspective view showing an example of a conventional optical semi-conductor device; 

Rg. 9 is a schematic perspective view showing a first embodiment of an opto-electronic hybrid integrated circuit 

according to the present invention; . " ' ^ s ^ * m • •' . v ...... • ... 

20 Rg. 1 0 is a schematic perspective view showing a second-embodiment of an opto-electronic hybrid integrated cir- 

cuit according to the present invention; , 

Rg. 1 1 is a cross-sectional view showing an optical device mounting part of the circuit as shown' in Fig.- 1 0j- 
Rg. 12 is a cross-sectional view taken on line A-A of Fig. 10;<: - k" 
Fig. 13 is a cross-sectional view taken on line B-B' of Fig. 10; 
25 Figs. 1 4A to 14D are cross-sectional views showing ah embodiment >of a process for fabricating a platform accord- 

ing to the present invention, respectively; . " ' \ ' ' • ..... 

Rg. 14A is a cross-sectional view showing a process for forming a silica-based optical waveguide on a" substrate; 
Rg. 14B is a cross-sectional view showing a step forforming silicon terraces for mounting an optical device and an 
electrical circuit, respectively; 

30 Rg. 1 4C is a cross-sectional view showing a step for removing a layer of polyimide which is formed on the terraces 

as shown in Fig. 14B to expose the terraces; 1 " "j - ' - ' 

Rg. 14D is a cross-sectional view showing a step forforming an electrical wiring part on the polyimide layer; 
Fig. 15 is a schematic perspective view showing a'third embodiment of an"opto-electronic hybrid integrated circuit 
according to the present invention; . *!■"*■. 
35 Rgs. 16A to 16E are cross-sectional views showing another embodiment of a process for fabricating a platform 

according to the present invention, respectively; 

Rg. 16A is a cross-sectional view showing a step for forming a part corresponding to a silicon terrace on a sub- 
strate; ;■;.:* ' : -yr .'. r 
Rg. 16B is a cross-sectional- view showing a step for forming an under-cladding layer of <silica-based optical 
40 waveguide in a recess of the substrate; v. > J ■ * • ' * 

Rg. 16C is a cross-sectional view showing a step for forming a core pattern 'and art 6ver^ladcfing layer dh 'the 
under-cladding layer; 1 . • 

Rg. 16D is a cross-sectional -view showing a step for. removing the core pattern and the over-cladding layer to 
expose the silicon terrace; 

45 Rg. 1 6E is a cross-sectional. view showing a step for forming an electrical wiring part on the under-cladding layer; 

Fig. 1 7 is a schematic perspective view showing a fourth embodiment of an opto-electronic hybrid integrated circuit 
according to the present invention; .. ■ ■ 'i - v - " * - . ..... - 

Rg. 1 8 is a cross -sectional view taken on line A-A of Fig. 17;. " ' - - ' * 

Rg. 19 is a graph illustrating the curvature radius of the substrate and the axis deviation between LD array and an 

so optical waveguide core; : * .* ■ *■ * -' 

Rg. 20 is a schematic perspective view showing an optical device as a single body corresponding to the' array opti- 
cal device as shown in Fig. 18;- . • *■ 
Rg. 21 is a cross-sectional view taken on line A-A of Fig. 20; - 
Fig. 22 is a cross-sectional side view showing the circuit as shown in Fig. 18;. 

55 Fig. 23 is a cross-sectional side view showing a circuit whose coplanar wiring part is lowered as compared to Rg. 

18; . • . 

Rg. 24 is a cross-sectional side view showing a circuit whose coplanar wiring part is formed on an under-cladding 
part, and whose the under-cladding part is thick as compared to Rg. 18; . 
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Fig. 25 is a schematic perspective view showing a firth embodiment of an opto-electronic hybrid integrated circuit 
according to the present invention; - ......... 

. s Fig. 26 is a cross-sectional view taken : pn line D-D of Rig. 25; 
Fig. 31 is a schematic perspective view showing an eighth embodiment of an opto-eiectronic hybrid integrated cir- 
cuit according to the present invention; .•: 
Fig. 32 is a cross-sectional view taken on line X-X of Fig. 31; 

Fig. 36 is a schematic perspective view showing a thirteenth embodiment of an opto-electronic hybrid integrated 
circuit according! to the present invention; . 

Fig. 37 is a schematic perspective view showing a fourteenth embodiment of an opto-electronic hybrid integrated 

circuit according to the present invention; ,>.-*. 

Fig. 38 is a schematic perspective view showing a platform- used in a fifteenth embodiment of an opto-electronic 

hybrid integrated circuit according to the present invention; ■■ ■ ■ ? 

Fig. 39 is a cross-sectional yiewJakemon:Mne_ A-A' of-Fig; 38; r- - ; . 

Fig. 40 is a schematic perspective view showing a platform/used in a sixteenth. embodiment of an opto-electronic 

hybrid integrated circuit according tor the present invention;! ; ., ; . 

Fig. 41 is a cross-sectional view taken on line B-B* of Fig. 40; ;f - - . , ; • • 

Fig. 42 is a schematic perspective view showing aiseyenteenth.embodiment of an s opto-electronic hybrid integrated 

circuit according to the present invention;; ,i. . , 

Fig. 43 is a cross-sectional view taken on line C-C of Fig. 42; 

,Fig : 44A,is a schematic, perspective view showing ;an: eighteenth embodiment of an opto-electronic hybrid inte- 
grated circuit according to the present invention; r . . . . 
Fig. 44B is a cross-sectional view taken on lineB-B';of Fig. ;44A; .. ,::,>-.- 

Fig. 45A is a schematic perspective view showing.a nineteenth embodiment of an opto-electronic hybrid integrated 
circuit according to the present invention; : jr ; i t , 

Fig. 45B js a crossrsectionaJ yiew*aken on- line'fi-B'-trf Fig;- 45A; > ; i :: ^ ■■ 

Fig. 46 is a schematic perspective view showing a process for mounting an optical functional device on a sub-car- 
: Tierof trie-circuit as shown in Figs: : 45A and;45Br ^r- z~ . ~. : - *■>- . 

Fig. 47 is a schematicperspective view showing a twentieth embodiment of an opto-electronic hybrid integrated cir- 
cuit according to the present invention; 

Fig. 48 is a cros.s-sectionaj view taken 'on line D-D' of. Fig. 47;p ■ t ■ ^ 
Fig. 49 is a schematic perspective view showing a platform used in a twenty.fi rst embodiment of an opto-electronic 
hybrid integrated circuit according to.the present invention;. ;-j.* 4 1 t-r -■-''> '" '•>"- '*• > 

Fig.. 50 is a cross-sectional view showing the : platform with' a warping of Fig: 49;- 1 • 

Fig. 51 is a schematic perspective view showing a platform used in a twenty-second embodiment of an opto-elec- 
tronic hybrid integrated circuit according to. the. present invention; i ' ^ 4 
Fig. 52 is a schematic perspective view showing a twenty-second embodiment of an opto-electronic hybrid inte- 
grated circuit according to the present invention; r< • . • - t * • • , \ . « * .... 
Fig. 53 is a cross-sectional view taken on line Ill-Ill' of Fig. 52; 

Fig. 54 is a cross-sectional view showing the circuit of Fig. 53 after reflow of a solder bump; ' ; 

Fig. 55 is a schematic perspective view showing a platform used in a twenty-third embodiment of an opto-electronic 

hybrid integrated circuit according to. the present invention; cy: j r. • ■ . .t v ; -v './v - j. . - ' , ^ 

Fig. 56 is a schematic perspective view showing a structure of the platform of Fig. 55 when flat-surface alumina 

substrate is used as a substrate for the platform and silica-based optical waveguide is used as an optical waveguide 

for the platform; : , 

Fig..57 is a schematic top plan view showing a twepty-fifth embodiment of an opto-electronic hybrid integrated cir- 
cuit according to the present invention; * 5 . 
Fig. 58 is an enlarged detailed perspective view showing a part VIII of Fig. 57; 

Fig. 59 is a schematic top plan view showing a twenty-sixth embodiment of an opto-electronic hybrid integrated cir- 
cuit according to the. present invention; . f 
Fig. 60A is a cross-sectional view taken on line Xa-Xa' of Fig. 59, the view showing a laser diode which is mounted 
on the platform; ■ ♦ - ^ * 

Fig. 60B is a cross-sectional view taken on line Xb-Xb* of Fig. 59, the view showing a modulation array which is 
mounted on the platform; i ' . . . 

Fig. 61 is a schematic top plan view showing a twenty-seventh embodiment of an opto-electronic hybrid integrated 
circuitaccording to the present- invention; - • -■ . * - / - - - 

Fig. 62 is a schematic top plan view showing a twenty-eighth embodiment of an opto-electronic hybrid integrated 
circuit according to the present invention; v ; . , ■* . . 

Figs. 63A and 63B are drawings of a process for alignment of an optical functional device which is to be mounted 
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on the circuit of Fig. 62; c 
Rg. 63 A is a schematic top plan view showing core adjustment and mounting of an LD array as the optical func- 
tional device; . ...... > t 

Rg. 63B is a schematic top plan view showing core adjustment and mounting of the modulator array as the optical 
5 functionaldevice; 

Rg. 64 is a schematic top plan view showing a twenty-ninth embodiment of an opto-electronic hybrid integrated cir- 
cuit according to the present invention; 

Rg. 65 is a schematic top plan view showing a thirtieth embodiment of an opto-electronic hybrid integrated circuit 
according to the present invention; . 
w Rg. 66 is a schematic perspective view showing an optical. device and a carrier in a first embodiment of an optical 

sub-module which is possible to mount on a platform of an opto-electronic hybrid integrated circuit according to the 
present invention; ■. 
Rg. 67 is a cross -sectional view taken on line A-A* of* Fig. 66; 

Rg. 68 is a schematic perspective view showing a second embodiment an optical sub-module which is possible to 
75 mount on a platform of an opto-electronic hybrid integrated^ circuit according to the present invention; 

Rg. 69 is a schematic perspective view showing a third, embodiment an optical sub-module which is possible to 

mount on a platform of an opto-electronic* hybrid integrateo\ circuit according to the present invention; 

Rg. 70 is a schematic' exploded perspective view showing, a thirty -fourth embodiment of an opto-electronic hybrid 
integrated circuit according to the present invention, trie circuit using the optical sub-module of Figs. 66 and 67; 
20 Rg. 71 is a cross-sectional view taken on line^e-^' of Fig. 70; > r , 

Rg. 72 is a cross-sectional view taken. on Tine C-C' of Fig. 70; . 

Fig. 73 is a schematic perspective view'showing a fourth embodiment an optical sub-module which is possible to 
mount on a platform of a thirty-fifth embodiment of an opto-electronic hybrid integrated circuit according to the. 
present invention; * , " r . . . : „ 

25 Rg. 74 is a schematic perspective view showing a thirty-sixth embodiment of an opto-electronic hybrid integrated 

circuit according to the present invention; . : 

Rg. 75 is a schematic exploded perspective view showing a fifth embodiment an optical sub-module which is pos- 
sible to mount on a platform of a thirty-seventh embodiment pf an opto-electronic hybrid integrated circuit according 
to the present invention; V \ ' 

30 Rg. 76 is a schematic exploded perspective view showing a thirty-eighth embodiment of an .opto-electronic. hybrid 

integrated circuit according to the present invention; 

Rg. 77 is a schematic perspective view showing a sixth embodiment an optical sub-module- which is possible to 
mount on a platform of a thirty-ninth embodiment of an opto-electronic hybrid integrated circuit according to the 
present invention; . 
35 Rg. 78 is a schematic perspective view showing a seventh embodiment. an optical sub-module which is possible to 

mount on a platform of a fortieth embodiment of ah optoelectronic hybrid integrated circuit according to the present 
invention; ... ... .. . 

Fig. 79 is a schematic perspective view showing an eighth embodiment an optical sub-module which is possible to 
mount on a platform of a forty-first embodiment of an* opto-electronic hybrid , integrated circuit. according .to the 

40 present invention; ^ ^ ... . ~ ^' f ". , ",. v -" rt : '.co. ln>' ^S: - • >. . ^xrr..:, 

Fig. 80 is a cross-sectional view' taken oh line ! D^D* of Fig. 79; and . .. 

Rg. 81 is schematic perspective' view showing a forty-second embodiment of an opto-electronic hybrid circuit 
according to the present invention. m • 

45 Embodiment 1 

[0058] Rg. 9 is a schematic perspective view showing a first embodiment of the hybrid. optical integrated circuit of 
the present invention. The reference numeral 1 indicates a substrate, and the present embodiment uses a silicon sub- 
strate provided with a protrusion and s recess bri the surface. The reference numeral 30 indicates a silicon terrace • 

so which functions as an optical device mounting part, utilizing the protruded upper surface .of the silicon substrate 1 . The 
reference numeral 31 indicates an optical fiber used as an optical waveguide of the present embodiment, which is held 
in an optimum position in a V-groove provided in the silicon terrace 30. The reference numeral 52 indicates a thin film 
electrode for contacting with the surface electrode of the an optical functional device disposed on the silicon terrace 30, 
which is formed by patterning a 1u,m thick Au-Sn solder on a O.'Siim thermal oxide film provided pn the silicon terrace 

55 30 surface. This thin film electrode 52 is electrically connected to a surface electrode pattern 51 of the optical functional 
device disposed oh the surface of a dielectric layer 50 formed in a recess of the silicon substrate of the electrical wiring 
portion. The reference numeral 35lndicates a silicon terrace for electronic circuit. The terrace 35 is surrounded by a 
dielectric layer 33, and a conductor pattern 51 for electronic circuit is formed on the surface. In the present embodiment, 
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the silicon recess has an 80um step, the dielectric layer 50 has a thickness of 50^im, and the conductor pattern 51 on 
the dielectric layer 50 is formed by a 5u,m.thick Au plating. As a result, a 25u.m step is provided between the" upper sur- 
face of the terrace 35 and the upper surface of the conductor pattern 51 . 

[0059] The reference numeral 37 indicates an optical functional device, and the present embodiment uses a semi- 
5 conductor laser (LD). The device 37 is put on a device mounting part on the silicon terrace 30 in an upside-down con- 
figuration with the active layer facing down, thereby achieving positioning in the height direction between the fiber and 
LD without core adjustment. Positioning in the lateral direction may be made by monitoring the optical coupling effi- 
ciency of the optical fiber and the LD, or using a guide structure formed at the substrate side without core adjustment. 
In this case, the active layer side electrode of trie LD 37 contacts the thin film electrode 52 on the silicon terrace 30, and 
w electrically connected with a conductor pattern 38 on the dielectric layer 50. In the thin film electrode 52, the solder is 
heat melted to fix the LD 37 on the substrate. Since, in the present embodiment, the LD is fixed using the thin film elec- 
trode 52 on the silicon terrace 30 as shown above, the silicon terrace 30 can be utilized as a heat sink. At the same 
time, since electrical wiring except the connection with the optical Junctional device is provided on the dielectric layer 50 
having a sufficient thickness, superior high-frequency characteristics can tie obtained. 
15 [0060] The electronic circuit 38 is 'disposed bp the silicon terrace '35 with the device forming surface facing down. 
In this case, since the upper" surface of the conductor 1 pattern 51 dn the dielectric layer 50 is set 25iim lower than the 
upper surface of the silicon terrace 35, when an abdut25fim thick solder bump is used, the surface of the central portion 
of the electronic circuit can be contacted to; the upper 'surface of the.silicdn terrace 35 and, at the sametime, the elec- 
tronic circuit electrode can be contacted with me conductor pattern 51 of the dielectric layer 50 without using an elec- 
ts trical wiring/Therefore, in the present embodiment, heat dissipation of the electronic circuit using the silicon terrace 35 
is possible, and a high-frequency electrical wiring is achieved not through the silicon substrate 1 . 

[0061] As described above, with the optical/electronic hybrid integrated substrate of the present invention, the opti- 
cal bench function of the silicon terrace, that is, dptical axis positioning function between the optical functional device 
and the optical fiber, a heat dissipation function' of th^ optical functional device and the" electronic circuit can be 
25 achieved, and the high-frequency electrical wiring function cap be provided. 

Embodiment 2 

[0062] Fig. TO is a schematic perspective view showing the entire construction of a second embodiment of the opti- 
30 cal/electronic hybrid optical integrated circuit of the present invention.. Fig. 11 is a schematic cross sectional view in the 
vicinity of the circuit shown in Fig. 10, Fig'. 12 is a i cross^sectional view taken along surface A A in Fig. 10, and Fig. 13 
is a cross sectional view taken along surface BB' in Fig. 10. * / ' 

[0063] As shown in Fig. 10, the packaged "s%stWe^ embodiment uses the silicon substrate 1 pro- 

vided with a protrusion and a recess on the'surface as in Embodiment 1! In the optical waveguide unit, a silica-based 

35 optical waveguide 40 is formed in the recess of the silicon substrate 1 . As shown in Fig. 12, the silicon terrace 35 is pro- 
vided ori the optical device mounting part. In the electrical, wiring portion, a dielectric layer 50 comprising a polyimid 
resin is formed in the recess of the silicon substrate, the conductor patterns 51 arid 51 0 are provided on the surface and 
inside. The silicon terrace 35 for electronic circuit is disposed at the center of the electrical wiring portion." 
[0064] As shown fin' Fig.' 1 1V there is a lTjim step in the silicon "recess in the optical waveguide part on the left sid 

40 of the silicon terrace 35, and a silica-based optical waveguide 40 "comprising an under-clad 41 (20uxn thick),, a core 42 
(6uin x 6u.m), an over-clad 43 (1 5 urn thick) is stacked on top. The waveguide structure is referred to as an "embedded 
type structure", which has superior optical waveguide Characteristics since the core pattern is embedded in a clad layer 
with a sufficient thickness. 

[0065] The silicon terrace 30 has ah inclined side surface, and the upper surface and the electrical wiring side sur- 
45 face are provided with a thin film electrode 52 formed by patterning a 1ujn thick Au-Sn solder. Distance from the surface . 
of the thin film electrode 52 to the optical waveguide core center is 5u.m. This si2e is equal to the distance from the sur- 
face of the mounted LD to the active layer, and positioning in the height direction of the optical waveguide core 42 and 
the optical functional device can be achieved Without adjustment by mounting the optical functional device on the silicon % 
terrace 30 in the upside-down condition with the surface of the active layer facing down. 
so [0066] The electrical' wiring portion on the right of the silicon terrace includes the dielectric layer 50 comprising a 
1 5u.m thick polyimide on the recess of 25u.m depth in silicon," the conductor pattern 51 comprising a 5u.m thick Au pat- 
tern formed on the surface, and'the conductor pattern 510 formed inside. The conductor pattern 51 on the dielectric 
layer 50 electrically contacts the thin film electrodes 52 formed on the upper surface, and the side surface of the silicon 
terrace: In this case, there is a step of about 1 0|im between the surface of. the silicon terrace 35 and the surface of the 
55 dielectric layer 50, and such electrical wiring can be achieved between two layers with different heights because the 
side surface of the silicon terrace is inclined: When the silicon terrace 35 side surface is formed nearly vertical, it is dif- 
ficult to electrically connect the two layers without using a wire because the electrical wiring is opened by the step 
between the thin film electrode on the silicon terrace and the conductor pattern on the dielectric layer. 
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[0067] In the electrical wiring portion, as shown in Fig. 10, the silicon terrace for electronic circuit is provided at the 
center, where the electronic circuit is disposed. The electrical wiring connecting the silicon terrace for optical device and 
the silicon terrace for electronic circuit is formed of a coplanar wiring comprising a central conductor 51 a and a ground 
conductor 51 b. Electrical wiring around the electronic circuit is formed of a microstrip wiring comprising the surface con- 
5 ductor pattern 51 and the ground conductor 510 provided in the dielectric material. As shown in Fig. 13, the ground con- 
ductor 51b of the coplanar wiring and the ground conductor 510 of the microstrip wiring are connected with a through 
electrode 520 provided in the dielectric layer. 

[0068] Comparing the coplanar wiring and the microstrip wiring, the former can be easily formed since it is formed 
of a single layer of electrical wiring, but the wiring density is not high. On the. other hand, the latter has a multilayer of 
70 electrical wiring and requires a complex fabrication work, but can achieve a high wiring density. Since, in the present 
embodiment, polyimide Is used, which is easy to form a . multilayer wiring.as a dielectric layer in the electrical wiring por- 
tion,.formation of the microstrip wiring is possible.-By the use of such a packaged substrate structure, integration of the 
optical functional device and the electronic circuit with a number.of connection terminals. 

[0069] The optical functional device. 37 mounted on the packaged- substrate is* a semiconductor laser (LD), which is 

15 mounted on a sub-carrier 44, which is formed by processing. a heat conductive material such as the silicon substrate. 
The sub-carrier 44 has a protrusion and a recess formed on the surface, and is fixed so that, after a conductor pattern 
electrically connected from the protrusion surface to the recess surface; the LD backside contacts on the recess, and 
the LD backside and the conductor pattern on the sub-carrier are electrically connected. To mount the LD mounted on 
the carrier on the silicon terrace 30, the active layer side surface of the LD.is faced down and contacted with the silicon 

20 terrace 30. the LD active layer side electrode and a first thin film .electrode : 53a directly contact each other, and the LD 
backside electrode contacts a second thin film electrode 53b on the packaged substrate through the sub-carrier. In this 
case, since the distance from the . thin film electrode surface on -the silicon terrace to the waveguide core center and the 
distance from the LD device to the active layer are in Jine with, each other, positioning in the height direction with the 
optical waveguide is completed merely by mounting the LD. Positioning within the surface is made by monitoring the 

25 coupling effect of the optical waveguide with the LD. The silicon terrace is a reference surface with high precision when 
mounting the device and, at the same time, functions as a . heat sink. . . . r > 

[0070] The electronic circuit is mounted on the silicon terrace using solder bump with the. device surface facing 
down as in Embodiment 1 . In this case, as described above, the height of the dielectric layer of the electrical wiring por- 
tion and the conductor pattern surface formed thereon is lower than the upper surface of the silicon terrace. As a result 

30 of the structure, it is possible to contact/mount the electronic circuit on the -SILICON terrace, and directly contact all 
electrodes of the electronic directly with the conductor pattern on^the dielectric layer not through.the electrical wiring on 
the silicon terrace. Thus, the electronic circuit can be mounted, with superior . heat dissipation characteristics and high- 
speed operation. - . 2* 1 - ' 

[0071] As described above, in the present embodiment, the silicon terrace for electronic circuit is provided in the 

35 electrical wiring portion, and the height of the conductor pattern surface around the circuit is set lower than the SILICON 
terrace. Therefore, in the optical/electronic hybrid integrated circuit of the present embodiment, the electronic circuit * 
electrodes and the conductor pattern on the dielectric layer can be electrically directly connected using solder bump 
and, at the same time, the electronic circuit can be packaged while maintaining contact with the silicon terrace." Further, 
since the side surface of the SILICON terrace is inclined, in.spite of the step between the upper surface of the SILICON 

40 terrace and the conductor pattern on the dielectric layer, the thin film electrode provided on the SILICON terrace for the " 
optical device and the conductor pattern on the dieJectrjG^ laye.r-can.be.electrically connected: Therefore, th electrode 
• leads of the optical functional device can be provided on the SILICON terrace .to enhance the heat sink effect, and all 
electrical wirings other than the electrode leads can be formed on the dielectric layer, thereby achieving superior high- 
frequency characteristics. .-.--;■■-:'-*■-- 

45 [0072] With the present embodiment, the optical bench function, that is, the optical axis positioning function 
between the optical functional device and the optical fiber and the. heat dissipation function of the optical functional 
device and the electronic circuit are possible, .and the high-frequency electrical wiring function can-be provided. 
[0073] The packaged substrate of the present embodiment can be : fabricated, for example, in steps shownin Fig. 
1 4A to 14D. First, by a method described later, a recess is formed on the silicon substrate. 1 , and the silica-based optical 

so waveguide 40 comprising the under-clad layer 41, the core pattern 42, and the over T clad layer 43 is formed (Fig. 14A). 
Then, the surface of the SILICON substrate 1 is processed to form the silicon terrace 30 for optical device and the sili- 
con terrace 35 for electronic circuit are formed. In this case, on the bottom surface of the silicon recess in the vicinity of 
the silicon terrace 35 for electronic circuit, the conductor film silicon such as gold or copper is provided as a ground con- 
ductor layer (Fig. 14B). On top of it, polyimide is coated and cured as a dielectric material for the electrical wiring por- 

55 tion, unnecessary polyimide is removed by dry etching or the like to expose the silicon terraces 30 and 35. Further, the 
polyimide layer 50 is etched so that the layer is lower by a predetermined step from the silicon terrace (Fig. 1 4C). Finally, 
the conductor pattern 51 is formed on the surface of the dielectric material 50, and the thin film electrode 52 is formed 
to electrically connect with the conductor pattern 51 on the dielectric layer 50 on the silicon terrace 30 for the optical 
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.device. 
5 Embodiment 3 



s [0074] Fig; 1 5 is a schematic perspective view showing construction of a third embodiment of the hybrid optical inte- 
grated circuit of thepresent invention. .A major difference of the present embodiment from Embodiment 2 is that the die- 
lectric layer of the electrical wiring portion is formed using the same material as the optical waveguide. 
.[0075] That is, the silicon recess is formed by providing a 33^im step from the silicon terrace surface with the optical 
waveguide and the electrical wiring portion. In the silicon recess -corresponding to the optical waveguide the silica- 
w based optical waveguide 40 having the under-clad 41 .(35u.m thick), the core 42 (6jim x 6fim), and the overbad 43 
(30u.m thick) is formed. On the other hand; on the silicon recess corresponding to the electrical wiring portion the 
, under-clad layer 41- of the silica-based.optical waveguide if formed as the dielectric layer 50. It has a' thickness of 25fun 
and is 10nm lower than the upper surface bf:the -Silicon terrace 10 for the optical device and the silicon terrace 36 for 
the electronic circuit. Since the height of the conductor patterrvupper surface of the electrical wiring portion is set lower 
75 then the.upper surface of .the silicon terrace; importantrelectricaf wiring can all be formed on the dielectric layer and con- 
nected using solder bump,- and.the. electronic circuit and the^siiicon terrace can be contacted. Therefore, the packag d 
substrate has high-frequency electrical characteristics and good device heat dissipation* function. 
[0076] The structure of the present embodiment,- in which the dielectric material of the electrical wiring portion arid 
the optical, waveguide are formed of the same material; has an effectto simplify the substrate formation step. For the 
effect, the substrate formation process will'be described with reference to Figs/ 1 6A to 1 6E. A first step of the substrate 
fabrication is. tp form a step corresponding to the silicon terrace on the substrate (Fig. 1 6A). In the present embodiment 
using silicon as the substrate, a desired step can be formed by* anisotropic etching using an alkali etching solution such 
as,KOH. By appropriately selecting the crystal orientation: of the silicon substrate, the silicon terrace side surface can 
be formed with an inclination of about 7? as shown: After thati the under-clad layer 41 of the dielectric optical waveguide 
such as. silica-based optical waveguide is formed on the substrate recess, and the surface is flattened by "polishing or 
the like (Fig. 16B). Then, the core pattern 42 and the over-clad layer 43 ofthe optical waveguide are formed (Fig 16C) 
After thati the optical" waveguide formed, in the-regiotfof the electrical wiring including the silicon terrace is removed by 
etching to expose the silicon terrace. Atlhis tirrie, in-.the' etching step of the silica-based optical waveguide and the pol- 
ymer waveguide, (poly imide optical waveguide, etc.), that is,' irV reactive ion etching using a mixture of CF 4 and H 2 or 0 2 
gas as an etchant, the silicon substrate^ can be used as ah etching stop layer. Therefore, when the silicon terraces 30 
and 35 are exposed as the etching advances^ etchirig-of the surface does not advance. • 

[0077] , On the other hand, etching of the optical waveguide portion is continued. As a result, the step'fretween the 
dielectric surface of the electrical wiring portion and the silicon terrace can be formed by a single etching step (Fig. 

[0078]. Finally, the conductor pattern is formed on the dielectric surface of the electrical wiring portion and the thin 
film electrodes are formed on the^surface-and the inclined surface of the silicon terrace to form the packaged substrate 
of the present embodiment (Fig. 16E). In. this case, ah ' anisotropic etching of the silicon substrate is used in the step 
shown in Fig.T6A; an Jnciinatioacan be automatically formed 'ori-the silicon terrace side surface. Since this method can 
easily.form.the inclination of the silicon terrace. side surfaee.^ven witKa step between the silicon terrace and the upper 
surface ofthe dielectric layer, the electrical wiring can be fdrrhed without open circuit between both. : ^ • , 
[0079].: -'Thus, by formirigthe dielectric optical waveguide arid the dielectric layer of the electrical wiring portion using 
the same material, the fabrication process can be simplified compared to formation of both parts with different materi- 
als. ■ • v.--.. . . . - , . • 

[0080] Further, that the silicon terrace side surface is inclined as described above, rather than formed vertically, has 
an effect*) considerably re I ax. difficulty of packaged substrate fabrication. That is, when the silicon terrace side surface 
is formed nearly vertical, for example, -in -the packaged substrate in Fig. 9, if there is a step between the silicon terrace 
for optical. device and the upper surface of the dielectric layer 50, it is difficult to electrically connect the thin film elec- 
trode 52 on the. silicon terrace 30 and the conductor pattern 5Ta on the die lectric layer'50. Therefore, formation of the - 
upper surface of the silicon terrace.and the upper surface of the dielectric layer without a step in the process of Fig 1 6D 
so in order to achieve an electrical wiring as shown in Fig. 9 using a silicon terrace having a vertical side surface requires 
very high control over the etching time and etching rate of the optical waveguide, which makes fabrication of the pack- 
aged substrate of this structure extremely, difficult. This difficulty is eliminated by inclining the side surface of the silicon 
terrace as described :above. .' . 



20 



25 



30 



40 



45 



55 Embodiment 4. 



[0081] Fig. 1 7 is a schematic perspective view of a fourth embodiment of the hybrid optical integrated circuit of the 
present invention, and Fig.. 1 8 js a schematic cross-sectional view taken along line A-A in Rg. 17. The Figures show an 
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embedded type optical waveguide 60 in which an under-cladding layer 60c, a core 60b, and an over-cladding layer 60a 
are integrated on the silicon substrate 1 . Since the example shown in Fig. 1 7 is intended to mount a 400nm pitch 4-array 
optical device, the cores 60b are arranged at-400um intervals. ..*:-•■ 

[0082] As shown in Fig. 1 8, a coplanar line 61 comprising a central conductor 61 a of 400ujti interval and a ground 
5 conductor 61 b is formed. A width W of the central conductor 61 a, a gap interval S between the central conductor 61 a 
and the ground conductor 61 b, and a thickness H of the silica-based waveguide layer between the coplanar line 61 and 
the silicon substrate 1 are important parameters affecting the high-frequency characteristics of the coplanar line 61 . The 
parameters will be described later with reference to a table. 

[0083] A mounting part 63 of an optical device 62 is formed by etching the over-cladding layer 60a to expose the 
w upper surface of the under-cladding layer 60c, where an electrical wiring layers 63a and 63b are formed. In this case, 
a 6u.m thick Au plated wire is used as the electrical wiring layers 6la;6lb, 63a, and 63b, and the length of the wiring 
layers 63a and 63b is set to less than 1 mm to reduce the loss." - 

[0084] The central conductor 61a of the four coplanar lines 61 is connected by gold ribbon wires 64 to copper, 
block, and a guide post 65a called ground post, connected to .the. electrical wiring layer (electrode) 63a on the under- 
is clad 60c, and connected to four electrodes 62c under the optical device 62 through a solder pattern 66 comprising a 
gold-tin alloy. *cr 

[0085] The ground conductor 61 b of the coplanar line 61; is similarly connected to the guide post 65b by a gold rib- 
bon wire 64, connected to the electrical wiring layer (elect rocle) 63b on the under-clad 60c, and connected to the elec- 
trical wiring layer 67a of a silicon sub-carrier 67 through the solder pattern 66. Here, the silicon sub-carrier is formed on 

20 the surface with a conductive layer 67a, and held by connecting the' electrode 62b on the'backside of the optical device 
62 to the conductive layer 67a of the recess -by gold-tin solder-Therefore, with the optical -device 62- mounted on the 
mounting part 63, it is possible to high-frequency drive with the four arrays by the coplanar line 61 . 
[0086] With the optical device 62 mounted on the mounting part 63, four active layers 62a of the optical device 62 
are optically coupled with the core 60b of the silica-based optical waveguide at the front side in Fig. 17. In the present 

25 embodiment, positions of the electrode 62 and solder pattern 66 of the optical device 62 are shifted to the side from 
directly beneath the active layer 62a of the optical. device 62; thereby preventing stress due to mounting of the optical 
device from directly acting on the active layer. . . * . : 

[0087] Here, the S parameter S 2 i and axis deviation as an optical bench function will be considered on the main 
parameters W, S, and H which affect the high-frequency characteristics of the coplanar line. 

30 - - ; . . . ■ 



Table 1 







Embodiment 4 of the present invention 
(structural parameter dependence of CPW line) 






35 




HF electrical wiring function 


Optical bench 
< function 


40 




Thickness of 
underclad 
: h(nm) 


Total thickness 
! of silica-' • • 
waveguide 
H(tim) 


Structural param- 
eter of cpw line 
'»• (w,s) 


- ' S 21 (dB/cm) • 

r- r?if 


Axis "deviation of 
airayed optical 
device and opti- 
■ 'Cal waveguide- " 
end face (jim) 












2GHz 


10GHz 




45 


Embodiment 1-1 


24.0 


60.0 


(320,20) 


. -1.2 


-2.3 < 


0.7 




Embodiment 1-2 


.24.0 




(160^20) 


' -0.8 


-1*6 


0.7 




Embodiment I-3 


24.0 


60.0 


( 80,20) 


-0.6 • 


-1.1 . 


0.7 


50 


. Embodiment I-4 


24.0 


60.0 


( 40,20) 


-0.4 - 


-0.7 ' 


0.7 


Embodiment I-5 


24.0 


. 60.0 


(20,20) 


-0:3 


-0.6 


0.7 


55 


H: Here, the core is 6fxm, and the upper clad is 30jim; and H = h + 36 . 
cpw: Coplanar * 

Arrayed optical device: 4-arrayed optical device with 400 u.m pitch. 



[0088] . Table 1 shows the relationship between w and s and transmission loss S 21 of the coplanar line, and the sil- 
icon substrate 1 has an average resistivity of less than 1 ohm-cm. For parameters Wand S, since patterning is made 
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by coating a resist onthe substrate having a several tens 1 step such as silica-based optical waveguide, it is .difficult to 
form less than 20um with good repeatability. Therefore, w and s are more than 20um. In Table 1 , the thickness h of the 
under-clad 2c is 24u.m, and the thickness H of the entire silica-based waveguide is 601, and w is varied from Embodi- 
..ment 1-1 to Embodiment I -5. As a result the S. parameter S 2 i is smallest when w and s are smallest, and the loss is the 
5 smallest. Since, in Table 1 , the thicknesses 'h and H are hot varied, the axis deviation is a constant value ot,0.7^m even 
with 4, arrays.. . 



Table 2 



10 


Embodiment 4i of the present invention 
. (structural parameter. dependence of CP W line) 1 






HF electrical wiring function 1 ' *" 


Optica! bench 
function 


15 




Thickness of ; 
under-clad 
h(u,m) ... 


Total thickness .of 
silica-waveguide 

, r!( ,H(|im). , 


Structural param- 
eter of cpw line 
(w,s) 


. S 21 (dB/cm) : ,- . 


Axis deviation of 
arrayed optical 

device anc( opti- 
ca! waveguide 
end face (jim) 


20 










2GH2 


10GHz 






Reference 11-1 


..10.0 : 


r 46.0. . r ,., f 


. , - ., (20,20), ,. 


-0.8 t 


-1.6 


0.6 




Embodiment N-2 


• 14.0 ' 


- -50.0 ^ 


r 1 : (2b;20) 


~ -0.6 


-1.2 


0.6 


25 


'Embpdimentli-3 




" "," 56.0^ V,"' 


.[.':' "(20,20) 


-0.4 


-0.8 . 


0.6 




.Embodiment 11-4 « 


24.0 . - 


: i- 60.0:- 


(20.20)- -i-: 


-0.3 


-0.6 


0.7 




Embodiment 11-5 


54.0 


90.0 


(20,20) 


-0.3 


-0.5 


0.8 




Embodiment 11-6 


84.0 r.. 


• 120:0 


■ (20,20) . .:„■■ 


-0.2 


-0.4 ta 


1 .0 \: , 


30 . 


Reference 11-7 


104.0 


140.0 


(20,20) 


-0.2 


-0.4 


1.2 




H: Here, the core is 6um, and the upper clad is 30um, and H = h + 36 . 
cpw: Coplanar ~ ;'7\ "„*;" y " , t " • 
Arrayed optical device: 4-arrayed optical device Wjth"4Q0 jjup pitch. / , 



35 



[0089] Table 2 utilizes the results of Table 1 so that (w, s) = (20,20)u.m where S 21 is smallest, and S parameter and 
axis deviation. are picked up when the thickness h ! of the .under-clad 60c and H are varied. In Reference Examples 11-1 . 
and 11:7, the prior art structure is applied, and in Reference Examples JI-2 to 11-6, h and H are varied. As a result, good 
40 results are shown in the vicinity of H = 50 to 90. Axis, deviation is caused by warping of the substrate due to the thick- 
ness, of the clad, which leads to an increase in coupling loss, j : ' •'■ 

[0090] , Table 2 will be described in detail. As to the thickness H dependence, in general, loss in the high-frequency 
must be less than 1-.Q dB/cm and,* considering* wide applications of the hybrid substrate of the present embodiment, it 
is required to be less than 1 .5 dB/cm. From Table 2, to reduce the loss to less than 1 .5 dB/cm, the total thickness H f 

45 the silica layer must be more than 50 jxm. - '« 

[0091] .Further, for the hybrid substrate to maintain a good optical bench function, warping of the substrate must be 
small. In Fig! 18, since the silica-based optical waveguide layer and the silicon substrate 1 differ in thermal expansion 
coefficient," warping of substrate increases as H increases. When warping of the substrate is increased/ the optical 
waveguide end face and optical device, for example, the active layer of the LD array causes dislocation, resulting in 

so optical coupling loss and impairing the optical bench function. Since the opto -electronic hybrid packaged substrate is 
required to be developed to 4 x 4 switches' and the like, it is required that, for example, a 4-array LD module or the like 
is mounted on the substrate to deal with array application of the optical device. As a result, the value in the right column 
of Table 2 (axis deviation) is required to be decreased. Fig. 19 shows relationship of the thickness H of the silica layer 
on the silicon substrate, warping of the silicon substrate (curvature radius), and theaxis deviation in a 400jim interval 

55 4-array LD module. It can be seen from the Figure that the thickness H must be less than 120u.m to reduce the axis 
deviation to less than 1 urn. 

[0092] In summary, in the silica-based optical waveguide in Fig. 18, to satisfy the high-frequency electrical wiring 
function and the optical bench function for mounting the optical device, H is required to be more than 50u,m and less 
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than 120jim. 

[0093] As can be seen from Table 1 and Table 2, the example shown in Fig. 1 7 is practically and optimally usable 
as a low-loss optical waveguide, which uses a hybrid optical integrated substrate of under-clad h = 30jim, core diameter 
= 6 x 6um, over-clad = 30jxm, and total silica layer = 66ujti. Further, transmission loss of the optical waveguide shown 
5 in Fig. 17 is less than 0.1 dB/cm, and when LD is used as an optical device, good characteristics are obtained in high- 
speed modulation of 10 GHz for the 4 arrays. 

[0094] Thus, the present embodiment has a low-loss optical waveguide function, an optical bench function with 
reduced axis deviation, and a high-frequency electrical wiring function with reduced S 21 . 

[0095] Figs. 20 and 21 show the 4-array of Fig.. 17 divided into discrete devices. In this case, since it is not an 
w arrayed device but the arrayed device is divided into discrete devices, even when warping of the substrate occurs, no 
axis deviation occurs, and it has the above three functions even except the condition of the thickness H of less than 
120|im. On the contrary, when discrete devices are combined into, an array, the condition of thickness H of less than 
120um is added. 

[0096] In the present embodiment, the coplanar line 61 .is formed on the surface of the over-clad, but the coplanar 
15 line can also be formed in other positions. Fig. 22 shows a side view of Fig. 17, Fig. 23 shows a side view in which the 
over-clad 60a under the coplanar line 61 is made*. thin, and Fig.' 24 shows a'side view in which the entire under-cladding 
layer 60c is made thicker, and the coplanar like 61 is formed directly on the under-clad 60c. As in the examples shown 
in Figs. 23 and 24, even when the height of the coplanar wiring layer is set lower than the upper surface of the over-clad 
of the optical waveguide, it can also be used as a good opto-electronicpackaged substrate as well. 
20 , 
Embodiment 5 

[0097] Embodiment 4 was an example using a general-purpose silicon substrate (resistivity: up to i ohm-cm). On 
the other hand, the high-frequency electrical wiring function can be even further improved by increasing the resistivity 
25 of the silicon substrate. This enables a thinner silica-based optical waveguide between the coplanar line and the silicon 
substrate, and construction is possible as shown in Fig. 25 jn which the high-frequency Jine can be placed on a thinner 
under-clad 2c, thereby expanding the application. 

[0098] First, for the structural parameter of the substrate used in Fig. 25, optimization is made in view- of the: high- 
frequency electrical wiring function and the optical bench function by 'Fig. 26 which has the same structure as the D-D 

30 cross sectional view of the high-frequency electrical wiring portion in Fig. 25. In Figs. 25 and 26, the reference numeral 
61 a indicates a central conductor of the coplanar line, 61 b indicates a ground conductor, 61c indicates an under-clad- 
ding layer, and 1 is a silicon substrate having a higher resistance than Embodiment 1 shown in Fig. 17. 
[0099] In Fig. 25, 67 is a sub-carrier of silicon, and the optical device 62 is held in the recess. A conductive layer 
67a is formed on the surface of the sub-carrier 67, which elerfribally connects with the backside of the optical device 

35 62. By connecting both legs of the sub-carrier to solder pattern 67b; the coplanar line 61 and the. electrode 62b on the 
backside of the optical device 62 are electrically connected. On the other hand, the electrode 62c ; on the side of the. 
active layer of the optical device is connected by a solder pattern 67b formed on the central conductor 61 a of the copla-' 
nar line 61, and the optical device 62 can be operated by the-coplanar line. Further, .the silicon sub-carrier 67 absorbs; 
h at generated in the optical device, and dissipates the heat to the'aif or the coplanar line 61. In the present ernbodi- 

40 ment, the position of the solder pattern 67b connecting to the electrode 62c of the optical device 62 is shifted to the side *> 
from directly beneath the active layer 62a of the optical device, thereby preventing! a stress associated with mounting of -1 
the optical device from acting directly on the active layer. 

[01 00] Main parameters affecting the high-frequency characteristics of the coplanar line are thickness h of the silica 
under-cladding layer between the coplanar line and the silicon substrate, width w.of the central conductor 61a of the 
45 coplanar line, and gap spacing s between the central conductor 61 a and the ground conductor layer 61b of the coplanar 
line. 

[0101] Relationship between the; parameters S and W and S parameter S 21 representing loss of the coplanar line 
is shown in Table 3, and the S parameter S 2 i and axis deviation by the thickness of the under-clad 2c based on s and 
w of Table 3 are shown in Table 4. • . • 

so [0102] The silicon substrate uses one which has an-average resistivity of up to 50 ohm-cm. For w and s, since pat- 
terning is made by coating a resist on the substrate which has a step of several tens urn such as silica-based optical, 
waveguide and the like, it is difficult to form in less than 20u,m with good reproducibility. Further, Figs.. 25 and 26 are • 
examples of discrete optical devices, and Table 4 shows axis deviation due to warping of the substrate when a 4-array 
optical device is mounted in 400u>n pitch. 

55 [0103] First, changes in conductor widthiw which is a structural parameter of the coplanar.line and S parameter S 2 i 
by the gap s are shown in Table 3. 
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15 



20 



25 



30 



Table 3 





Embodiment 5 of the present invention 
(structural parameter dependence of JCPW line) 




HF electrical wiring function 


Optical bench 
function 




Thickness of 
A under-clad 
. h(u.m) • 


Total thickness 
of silica- 
waveguide 


Structural param- 
eter of cpw line 


S 21 (dB/cm) 


Axis deviation of 
arrayed optical 
device and, opti- 
cal waveguide 
, : end face (jim) 










2GHz ; 


'10GHz 




Embodiment 111-1 
Embodiment III-2 
Embodiment III-3 
Embodiment I1I-4 
Embodiment II 1-5 


30.0 

>uo ; 

. .30.0 
30.0 
30.0 


4 66:0 x • 
'"_\~ ..66.0.*,, 

\ -66:o-- 

66.0 
66.0 


y (320,20)". 
(160,20). 
■"''-> ( 80,20) ' : 
( 40,20) 
( 20,20) 


: 1.0 

-0;7 

-0.5 
-0.5 
-0.5 


-3.2 
-2.4 .. 
-1.6 
-1.1 
-1.0 


0.4, 
0.4 
0.4 

0.4 :: 
0.4 


H: Here, the core is-6nrn, and the upper clad is 30jam; and H = h + 36 . 

cpwfCqplanar r '" : ; • - 

Arrayed optical device: 4-arrayed'opticaTcleYice with W66* ; im pitch! ' ' i ' 




* 



[0104] -As can be seen from table 3, as results of ,Ernbocliments IJI-1 to III-5, (w, s) = (20, 20)u gives the smallest 
loss as in Table' 1 • ' - • : ; . • * ■ «••■-■•-• • « ?\ 
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. (structural pararneter , dependence of CPW line) : 












• HF electrical wiring function 






Optical bench 
















." function 






\ Thickness of 


Total thickness, 


.Structural param- 


So. (dB/cm) 


Axis deviation of 


40 


♦ ■ ! *•* ■ 


; Under-ydad 


.of'sifica- 


...eter.ptcpw line 






arrayed optical 






; /h(jim) 


waveguide.." 


c x (w,s) ! , , 






-device; and opti- 








H^jLim) 








cal waveguide 
















end. face (ujti) • 












2GHz 


•10GHz 




45 


Reference-lV-1 


' 1.5 : 


37.5 


(20,20) 


-3.4 


-1.6 


0.03 




Reference IV-2^ . 


- . — 10.0 : 


46.0 - 


(20,20) 


* -1.1 


" -1.2 


0.07 




Reference IV-3 


'■ ; ' 15.0 ; ' 


' 51*. 6 ' : 


(20,20) 


-b.8 


. -0.8 


0.10 


50 


Embodiment IV-4 


20.0 


56.0 . 


• (20,20) ... 


.-0.6 • 


-0.6 


0.15 




Embodiment I V-5 


30.0 


• 66.0 


- (20,20) ' 


; -o.5 


-o.5 *. 


0.17 




Embodiment IV-6 ; 


.60.0 


96.0 


. (20,20) \ 


-0.3 . 


-0.4 


1.36 




Embodiment IV-7 


84.0 


120.0 


(20,20) 


: 0.2 


-0.4 


1.96 


55 


Reference I V-8 * 


94.0" 


"'" 130.0 ~ 


£0,20) 


-0.2 


-0.3 


1.05 
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Table 4 (continued) : 





Embodiment 5 of the present invention 
(structural parameter dependence of CPW line) 


5 




HF electrical wiring function 


Optical b nch 
function 


10 




Thickness of 
under-clad 
h(um) 


Total thickness 
of silica- 
waveguide 
H(nm) 


Structural param- 
eter of cpw line 
(w,s) 


(dB/cm) 


Axis deviation of 
arrayed optical 

device and opti- 
cal waveguide 
end face (jim) 












. 2GHz . 


10GHz 






Reference IV- 9 


120.0 


156.0 


(20,20) ~ 


: -0.2 


-0.3 


1.31 


15 


H: Here, the core is 6\im, and.the upper clad is 3011m, and H = h + 36 .. 
cpw: Coplanar ...... . . .: 

Arrayed optical device: 4 -arrayed optical device with 400 urn pitch., , 





20 [0105] Further, as shown in Table 4,. with (w, s) = (20, 20)um, S 2 i and axis deviation with changes in the under-clad 
thickness h are shown. As shown.-in order to reduce S 2 i to less than 1.5 dB/cm at 10 GHz, h is required to be more 
than 20 u.m. By increasing the resistivity of the silicon substrate, the thickness of the silica layer on the silicon substrate 
can be reduced to less than Embodiment 1 . Further, to reduce the axis deviation between the active layer of the optical 
device and the core of .the optical waveguide, the total thickness H of the silica layer must be less than 120 urn. • 

25 [0106] As described above, in the silica-based optical waveguide of Figs. 25 and 26, it has been found that, to sat- 
isfy the high-frequency electrical wiring function and the high precision optical bench function for mounting the optical, 
device, the under-clad thickness h of the silica-based optical waveguide' must be more than 20 um Further, when an 
optical device of 4-array or more is mounted in 400 jim pitch, a condition is added that the total thickness H of the sHica- 
based optical waveguide must be less than 1 20 u.m. 

30 [0107] As can be seen from Table 3 and Table 4,-an example using a discrete LD module as an optical device using 
a substrate in which under-clad h = 30jjun', core diameter = 6 x 6|iin, over-clad thickness = 30u.m, and theentire silica 
layer of 66|im is shown in Fig. 25,' which is considered to be optimum as a low loss silica-based optical waveguide. 
[0108] As described above, the hybrid. optical integrated substrate of Embodiment 5 satisfies not only the proven 
low loss optical waveguide function, but also the high-frequency wiring function for driving the optical device and.the 

35 high precision optica! bench function for ensuring the flatness of the substrate. Further, as compared with Embodiment 
1 , the present embodiment uses an under-clad'of 30 u.m thick which has been proven as optica! waveguide; and does 
not use a guide post or the like, thereby simplifying the electrode structure. Therefore, the high-frequency characteris- 
tics are improved and the packaging work has been simplified.* - • 

[0109] : Transmission loss of the optical waveguide of the:hybrid optical integrated circuitwas less than 1 dB/cm. Fur- 
40 ther, when LD is used as an optical device, good characteristics are shown in high-speed modulation at 10 GHz. 1 

Embodiment 6 

[01 1 0] Fig. 27 is a schematic view showing a sixth embodiment of the hybrid optica! integrated circuit of the present 
45 invention. The present embodiment uses the silicon substrate 1 having protrusion and recess in place of the flat silicon 
substrate 1 used in Embodiment 4. The under-cladding layer 60c of the silica-based optical waveguide is formed in the 
recess of the silicon substrate 1 , and protrusions 68a and 68b of the silicon substrate are exposed to an optical device 
mounting part 68 as shown, which can be used as a height* reference surface when mounting the optical device 62. 
[0111] The B-B cross section in Fig, 27 is the same in structure as in Fig. 26, wherein the under-cladding layer 60c 
so of thickness h = 30u.m which is optimized in Table 3 and Table 4. A C-C cross sectional view in the optical device mount- 
ing part 68 is shown in Fig: 28. On the protrusion 68a of the silicon substrate 1 , a thin electrode 62c is formed separately 
from the active layer 62a of the opticai:device 62, which functions as the height reference surface and an electrode of 
the optical device 62. The coplanar line uses a 5|om thick gold plating layer on the under-clad, but uses a gold spatter 
film of less than 1uxn in thickness on silicon terraces 68a and 68b. The electrode 62b on the backside of the optical 
55 device 62 is held by the silicon sub-carrier, and electrically connected to the electrode 61b on the silicon terrace 68b 
through the conductive layer 67a on the surface of the silicon sub-carrier 67a and a conductive bonding material 69. 
[0112] Using the silicon substrate having the protrusion, the silicon protrusion 68a can be used as the mounting 
height reference surface, and positioning of the optical device 62 and the optical waveguide core 62a can be made with 
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even higher precision. Heat generated in the optical device 62 can be dissipated to heat conductive silicon substrate 1 
through the sub-carrier 67 and 68b and, since the substrate 1 is closely contacted to a highly heat conductive package 
70, heat dissipation of the optical device 62 is remarkably improved: 

[0113] High-frequency.characteristics in .the cbplanar line 14 are also good as in Embodiment 4. Although the high- 
5 frequency line is located immediately above the electrode on the silicon terraces 68a and 68b, the distance flowing 
high-frequency is actually very short, and the loss is very small. 

[0114] " . The thickness H including the under-clad 60c, the core 60b, and theover-ctad 60a uses 66'u.m optimized in 
Table 4, which is a good optical bench with reduced warping. 

w Embodiment 7 . } 

[0115] Fig. 29 is a schematic perspective, view showing a. seventh embodiment of the hybrid optica Li ntegrated cir- 
cuit of the present invention. The present embodiment uses an LD 71 as the optical device 62 of Embodiment 6, and 
further an LD driver 72 for driving' the" LDl is mounted on' the same substrate 1 . The optical device mounting part 68 is 
is the same in structure as in f\g. 27. The input 'side coplanar like 61b to the LD driver is the same in structure as the 
coplanar line 61 in Fig. 27. However, the coplanar line 61a connecting'ttie LD driver 72 and the LD 71 is inserted with 
a high-frequency chip resistor 73 for impedance matching of the 5p-ohm coplanar line with the LD. An E-E cross sec- 
tional view of the LD driver 72 is shown in Fig. 30. As : shown; /the LD [ driver 72 Is placed on a protrusion 74 of the silicon 
substrate in order to efficiently dissipate heat of the L6 driver 72 which has high heat evolution. As in Embodiment 5 f 
20 heat of the LD is efficiently absorbed by the silicon substrate. By contacting the entire LD module closely with a package 
of highly heat conductive material/ heat can be efficiently; dissipated. Connection between the LD driver 72 and the 
coplanar line 61 a and between the LD. driver 72 and a DG biasline 61c, as shown in Fig. 30, is made using a guide p st 
65c and a gold ribbon wire 64 to reduce loss of -the high-frequency components to a minimum. Since the silicon protru- 
sion 74 contacts only the-bottom surface of the driver; and separates from the coplanar line, the -high -frequency char- 
ts acteristics are not deteriorated,: • . • : ~i vl s , v * ■ -sv : . "-•;>. ' * . ; >v ; 
[Q116]. : .^Transmission loss.ofthe optical. w.aveguide : of th ^hybrid optical integrated circuit was less than 1. dB/crn. Fur- 
ther, by inputting a 10, GHz modulation signal from a coplanar Jine input end 75 to the LD .driver 72 and adjusting the 
amplitude and modulation potential by the DC bias line 61c, the LD device showed good modulation characteristics up 
to 10GHz. 

30 [0117]: .. As:described above,; by utilizing the, low-loss optical waveguide function, high-frequency electrical wiring 
function, and high precision. optical bench function of the hybrid opticaM ntegrated substrate of the present embodiment, 
such a .high-speed LDjuodule can be achieved on tbersatme substrate of several cm square. . 

Embodiment 8 . * • , - v - . r . . ' . t ; v. - ;; 

35 ;•:;,;!'.;•.. . ■'■ .. • ... ■. :y.i r;, >.r' x ■ s*-. '■ ■ ' ■, • •»: . . .. ■ . 1 

[0118] Fig. .31 -is a schematic perspective view shpwing .an eighth embodiment of the hybrid optical integrated sub- 
strate' of the present invention. The present embodiment.?nas the same construction for the silica-based optical 
waveguide, the optical device mounting part 13, the coplanar wiring parts 61 a and 61b, and the LD driver mounting part 
61c. However; the silicon substrate 1 is extended to form, a guide groove 77 so. that a. fiber 76 can be connected on an 

40 end face 62d;of ,the ; silicarbased optical waveguide without eore^adjustment. An X-X cross sectional view of the guide = 
groove 77 is shown in Fig. 32. The guide groove 77 can be easily formed by etching the optical waveguide and the sil- 
icon substrate. By the guide groove 77, the optical fiber 76 can be easily connected to the optical waveguide core 62b 
without core adjustment, thereby even further expanding application of the hybrid optical integrated substrate. 

45 Embodiment. 9 •, - , • 

[0119] . ... Fig. 33. is a schematic perspective view showing a ninth. embodiment of the hybrid optical integrated circuit 
of the present invention. In the present embodiment, portions other than the silica-based optical waveguide have the* 
same construction as. Embodiment 4, and the silica-based optical waveguide isrchanged from the embedded type to 
so the ridge type. In association with the change, only the thickness of the over-clad 62a is the same as that of a ridge type 
optical waveguide 78 and is thus small. As previously described, the .ridge type optical waveguide is slightly inferior in 
characteristics to the embedded type but, for other points,, functions, as a good packaged substrate for hybrid optical 
integration: . : . • -*: . • , i . , • ' 

55 Embodiment 10 . * . - - j j ■ - - : - 

[0120] .. -A tenth embodiment (not shown) is the same as Embodiment 4 shown in Fig. 20, except for the optical 
device mounting part 3, in which the optical device mounting part 63 is changed to an optical device mounting part 68 
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using the silicon terrace as shown in Rg. 27. Compared with Embodiment 4, good characteristics are maintained in 
terms of the optical waveguide function and the electrical wiring function as in Embodiment 4 and, as described jn 
Embodiment 6, the silicon terrace can also be used as a height reference surface of optical device mounting, and heat 
dissipation* is improved. ' ' [ m 

5 \ . ' 

Embodiment 11 

[0121] Rg. 34 is a schematic perspective view showing an eleventh embodiment of the hybrid optical integrated cir- 
cuit of the present invention. The present embodiment is the same in structure as Embodiment 5 shown in Fig. 25 
w except for the silica-based optical waveguides 60a and 60b, and the embedded type optical waveguides 60a and 60b 
are changed to ridge type optical waveguides 78a, 78b, and 78c. As previously described, the ridge type optical 
waveguide is slightly inferior to the embedded type optical waveguide in optical waveguide characteristics, but Embod- 
iment 11 functions as a good packaged substrate for hybrid integration as in Embodiment 5 in termsof the high-fre- 
quency electrical wiring function and the optical bench function. 

75 . 

„ . ( 9 ^ . . . ... 

Embodiment 12 \'. t ... 

[0122] Rg. 35 is a schematic perspective view showing a twelfth embodiment of the hybrid optical integrated circuit 
of the present invention. ' \ _" . 

20 [0123] The present embodiment is the same in structure as Embodiment 6 shown in Fig. 27 except for the silica- 
based optical waveguides 60a and.60b" and the embedded type optical waveguides 60a.and 60b are changed to ridge 
type optical waveguides 78a, 78b, and 78c. As previously described, the ridge type optical waveguide js slightly inferior 
to the embedded type optical waveguide in optical waveguide characteristics, but Embodiment 12 functions as a .good 
packaged substrate for hybrid integration as in Embodiment 6 in terms of the high-frequency electrical, wiring function 

25 and the optical bench function. . ' [ \ 

[0124] As described above, in the hybrid optical integrated. packaged "substrate of the above embodiment, the dis- 
advantage of high dielectric loss at high frequencies of the silicon substrate proven as a . low. loss silica-based optical 
waveguide substrate is solved by using a silica-based buffer layer with an appropriate thicknessand, in view of the high 
precision optical bench function, the thickness of the silica" based' optical waveguide is optimized so that warping of the 

30 substrate is reduced to the extent that coupling loss is not increased due to axis deviation relative to the optical 
waveguide even when an arrayed optical device is mounted. Therefore, an active device can be mounted to the optical 
waveguide with good precision, and it can used as an opto-electronic packaged substrate or a platform which operates 
with improved high-frequency characteristics, •...„._. 

[01 25] The high-frequency electrical characteristics are even further. imp roved by enhancing the resistivity of the sil- 
35 icon substrate, and sufficiently good high-frequency characteristics. cap be maintained even though.the thickness of sil- 
ica layer between the coplanar line and the silicon substrate. Therefore, it is also possible to use the under-cladding 
layer of about 30u.m in thickness which is proven as an optical waveguide, and use a structure where the coplanar line, 
is lower than the core layer, thereby expanding the application. ^ . , . ) - ' 

[01 26] Further, by using the silicon substrate with protrusion and recess, forming theunder-cladding layer of the sil- 
40 ica-ba.s e d optical jw aveg u i d e is f orme d in Jh i e recess^a h d th e p rotrusio n is exp ps e dy n ,th e optica I device,, mqu ntin g part .. 
and used as af height referehce'surface*, thereby provfding ah even higher precision optical bench function. In this struck 
ture, the highly heat conductive silicon substrate cari beutilized as a heat dissipation plate for the optical device and its 
driving I C through the silicon terrace. 

[0127] By forming a fiber guide groove in the silicon substrate, it'is'possible to connect the fiber to the silica-based 
45 optical waveguide without core adjustment. 

Embodiment 13 

[0128] Fig.' 36 is a schematic cross sectional view showing a thirteenth embodiment of the opto-electronic hybrid 
so optical integrated circuit of the present invention. The reference numeral 1 indicates a silicon substrate having a resis- 
tivity of 100 ohm-cm. In the optical waveguide section, a silica-based optical waveguide 2 is formed in the recess pro- 
vided on the substrate surface. The under clad has a thickness of 30u>n, the core is 6um thick, and the overbad is ■ 
30u.m thick. A dielectric layer 50 comprising the same material as the silica-based under-cladding layer is formed in the 
silicon recess of the electrical wiring part. Thickness of the dielectric layer 50 between the optical device silicon terrace 
55 30 and the electronic circuit terrace 35 is 20u,m, and a 5u,m thick conductor pattern 51 is. formed on top. Thin film elec- 
trodes 52 are formed on the upper surface of the optical device silicon terrace 30 and the inclined side surface, and 
electrically connected to the conductor pattern 51 . The optical active device 37 is mounted upside down on the silicon 
terrace 30 while maintaining electrical connection with the thin film electrode 52. The electronic circuit 38 is mounted 
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on the silicon terrace 30 with the device surface facing down, and fixed with the conductor pattern 51 with a 5 jim high 
• solder bump 53. In the electrical wiring part on the right of the electronic circuit, a second dielectric layer 52c is stacked 
; 'ofrthe dielectric layer 50 comprising the silica-based optical waveguide under-cladding layer. A multilayered conductor 
' pattern 51 0 is provided in the second dielectric layer 52c, and a conductor pattern 51 b is provided on the surface. 

5 [0129] In the present embodiment, the dielectric layer of the electric wiring part is the dielectric layer 50 comprising 
the same material as the silica-based optical waveguide, the second dielectric layer 52c comprising polyimide is pro- 
vided in part of the dielectric layer, and the multilayered electrical wiring 510 is provided inside. With this construction, 
the optical device of low wiring density and the electronic circuit are connected with the high-speed coplanar line, and 
the electronic circuit of high wiring density can be wired using a multilayered microstrip wiring. Further, in the present 

w ' embodiment, the coplanar wiring area and the microstrip wiring area use the under-clad layer of the optical waveguide 
for the first dielectric layer. As a result, compared with Embodiment 2 for achieving the same object as the pres nt 
embodiment, fabrication processof the packaged substrate can be simplified. ' ■ 

Embodiment 14 : :T - : ' rI ; ' ' 1 ' ' : 

15 • ' ■ ; '■" * v - 

[0130] Fig. 37 is a schematic cross sectional view showing a fourteenth embodiment of the hybrid optical integrated 
circuit of the present invention. The substrate 1 in the present embodiment is a ceramic substrate, and.the optical device 
silicon terrace 30 and the electronic circuit silicon terrace 35 are provided on top. The optical waveguide .40 is a silica- 
based optical waveguide. The dielectric layer 50 of the electrical wiring part is formed of polyimide. The present embod- 

20 iment is characterized in that not only the conductor pattern 51 is provided on the surface and inside the dielectric layer 
50 of the electrical wiring part, but also' ah electrical* wiring i 530 is'provided in the ceramic substrate. 
[0131] "' In the present embodiment, silicon terrace with; high thermal conductivity is used for the device mounting • 
part, a silica-based optical waveguide is used'as th^optical waveguide, in the electrical wiring part, conductor patterns 
are provided inside and on the surface of the dielectric fayer on the substrate! and a conductor pattern is. provided also 

25 in the ceramic substrate which is easy to provide a' multilayered electrical wiring: As a result,' the packagjed substrate of 
the present embodiment has a high-performance optical waveguide function, the silicon bench function, and the high- 
frequency electricaf wiring function, arid ' J 
[0132]- To provide : a silicon terrace on a substrate of ^different material such as ceramic, for example, an anodic 
bonding technique can be used. In this technique.; a thin Si6 2 film is previously formed on the surface of the ceramic 

30 substrate' and backside of the silicon terrace, and both are he at^ - 

Embodiment '15 : ' : * ? * - : ! : ' : • • ■ /_ 

[° 13 ?I 3& . lsa schematic perspective view showing an optical packaged substrate in a fifteenth embodiment of . 

35 the' hybrid optical integrated circuit of the present invention. Jn the figure, the reference numeral 1 indicates a silicon 
substrate,; on the surface of which are formed protrusion with respect to the reference surface la, An optical waveguide 
part I is formed on the silicon substrate reference surface, r an#6bb indicates a silica-based optical waveguide core (6 x 
6 jim), which is embedded in the 30 jam thick over : ciadding layer 60a. In an optical device mounting part II, the. silicon 
substrate protrusion is exposed, which is the height reference surface 30 when mounting the optical device. The height 

40 reference surface 30 is' divided into two parts about the position corresponding to the waveguide core 60b, and around 
of whichis filled with the silica-based GpticjaT wavegiijde under-cladding layer 60c. The under-cladding layer 60c in the ' 
optical waveguide mounting part II is 35^fm m thick : hess,' an electrical w coplanar structure comprising 

the central conductor pattern 50 and the ground conductor pattern 51 is formed on the surface thereof, and the solder 
pattern 52 is formed at one end of the central conductor pattern, that is, in the gap of'the divided height reference 30. 

45 The thickness35u.m of the silica-based optical waveguide under-cladding layer 60c is a sufficient thickness for the elec- 
trical wiring formed on the surface to provide superior high-frequency characteristics without being affected by the sili- 
con substrate. The electrical wiring layer 500 and the solder pattern 52 are both 5 u,m in thickness. In the present 
embodiment, the electrical wiring layer 500 is formed of gold, and the solder pattern 52 is formed of a gold-tin alloy. 
[0134] Fig. 39 is a cross-sectional view taken on line A-A' of Fig. 38 when the semiconductor device is mounted on 

so the hybrid optical integrated substrate of Fig! 38. In the present embodiment, the height reference surface 30 compris- 
ing the silicon protrusion is divided'irito two parts, the gap is filled with' the under-cladding layer 60c of the silica-based 
optical waveguide, and the central conductor 50 as the electrical wiring and a solder pattern 501 are formed on the sur- 
face. Therefore, in mounting the semiconductor optical device 37, all the electrical wiring layers, including the connec- 
tion with an electrode pad 37a of the semiconductor optical deyice, can be formed on the surface of the under-cladding 

55 layer 60c of the silica-based optical waveguide having a sufficient thickness.' As.a result, effects of the low resistivity and 
the high dielectric constant of the silicon substrate on the electrical wiring can'be neglected. Since the silica-based opti- 
cal waveguide is better as an electrical wiring substrate than silicon substrate in terms of'the resistivity and dielectric 
constant, the electrical wiring of the present embodiment 3 can provide improved high-frequency characteristics. 
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[0135] Height from the protrusion surface 30 as the height reference surface of the silicon substrate I to the center 
of the optical waveguide core 60b is set equal to the height from the active -layer 37b of the semiconductor optical device 
37 to the device surface. Therefore, in mounting the optical semiconductor device 37, it is possible to set the height of 
the silica-based optical waveguide core 60b in line with the height of the active layer 37b of the semiconductor optical 

5 device, merely by mounting the semiconductor optical device upside down on the height reference surface 30 of the 
protrusion of the silicon substrate 1 . At the same time, the protrusion of the silicon substrate also functions as a heat 
sink of the semiconductor optical device. Further, as shown in Fig. 16, the optical device mounting part is formed by 
removing unnecessary silica-based optical waveguide layer by. etching and, in this case, the silicon substrate functions 
as an etching stop layer. Therefore, the height of the positioning height reference surface 30 is can be determined with 

70 very high precision. 

[0136] Transmission loss of the optical waveguide of the hybrid optical integrated circuit was less than 0.1 dB/cm. 
Further, the positioning precision of the semiconductor optical device with the silica-based optical waveguide is about 
1 u.m, and the semiconductor optical device showed good characteristics evenjn high-speed modulation at 10 GHz. 
[0137] As described above, the present.embodiment has the low-loss optical waveguide function, the optical bench 
75 function, and the high r frequency electrical wiring function. £ , . t ? 

Embodiment 16 : . . * - ■ - : 

[0138] Fig. 40 is a schematic perspective view showing an optical packaged substrate in a. sixteenth embodiment 
20 of the hybrid. optical integrated circuit of the present invention. A difference of the present embodiment from Embodi- 
ment 15 is that in the optical device mounting part II, an in-plane direction. positioning guide- 79 of the semiconductor 
device is provided, and other construction is the same as Embodiment 15. In the present embodiment, the guide 79 is 
formed on the same material as the optical waveguide 60, that is, silica-based glass. 

[0139] Fig. 41 is a schematic BB' cross sectional view of Fig. 40 when the semiconductor optical device 37 is 
25 mounted on the substrate 1 of Fig. 40. The guide 79 . provided, on the substrate 1 is 5um in height and, corresponding 
to this, a 6ujn deep positioning groove 80 is^ provided in the semiconductor optical device 37. Therefore, the. positioning 
groove 80 and the guide 79 on the substrate contact with the semiconductor optical device 37 mounted, upside- down, 
and merely by mounting the optical device on the device mounting part so % that the upper surface of the optical device- 
contacts the silicon protrusion surface 30, positioning of the optical, waveguide with the optical semiconductor device is 
30 completed without core adjustment. . : .■-.:> • ^. 

Embodiment 17 

[0140] Fig. 42 is a schematic perspective view showing an optical packaged substrate in a seventeenth embodi- 

35 ment of the hybrid optical integrated circuit of the present invention. A difference of the, present embodiment from 
Embodiments 1 5 and 1 6 is that the optical device 37 held by the sub-carrier is mounted on the optical device mounting 
part II, and other construction is basically the same as Embodiment 1 or 2. < , . v - 

[0141] Referring to Fig. 42, the solder . pattern 52 for the optical device active layer is formed on. the central conduc- 
tor pattern 50 of the electrical wiring layer 500 of the optical device. mounting part II, and a solder pattern 53 for the sub- 

40 earner is formed on the ground conductor pattern 51.. A condition where the optical device held on.the sub-carrier 67 is 
mounted on the substrate. 1 . is shpwn Jn Fig.. fW. x .Fig.. 43. is> a, C-C cross -sectional view of Fig. 42.. In Fig. 43;. the sub- ' : 
carrier 67 is formed of the same material as the substrate i , and the optical device 37 is held on the recess 67a. A con- 
ductive layer is formed on the surface of the, recess 67a to be conductive to the backside of the optical device 37. The 
protrusion surface 6b of the sub -carrier 67 is in line with the surface (lower surface in Fig. 43) of the. optical device 37* 

45 or set lower than the height of the surface of the. optical device 37. -Therefore, when the sub-carrier 67 is mounted on 
the device mounting part of the hybrid optical, integrated substrate, the optical device 37 surface is contacted with the 
silicon protrusion 30 to complete the height adjustment. The electrode 37a at the active layer 37b side of the optical 
device 37 is electrically connected with the central conductor pattern 50 on the substrate through the solder pattern 52. 
In the present embodiment, the positions of the electrode 37a of the optical device 37 and the solder pattern 52 are 

so shifted to the side from directly beneath the optical device active layer 37b. This prevents .a stress- associated with 
mounting the optical device from acting directly upon the active layer. Further, the electrode (not shown) on the optical 
device backside passes through the conductive layer formed on the recess 67a surface of the sub-carrier 67, and is 
connected to the ground conductor pattern 51 on the substrate through the solder pattern 53. Further, the surface of 
the sub-carrier 67 and the silicon protrusion 30 are thermally connected through a thermal conductive material 81 ,to 

55 complete mounting. of the optical device 37 on the substrate. , 

[0142] In the present embodiment with. trie above construction, since the optical device backside electrode can be 
taken out from the same surface as the active layer side electrode through the sub-carrier 67, wireless surface packag- 
ing of the optical device is possible. Therefor , by combining with the substrate structure of the present invention, super 
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rior high-frequency characteristics can be provided. Further, as a heat sink of the optical device, a path for directly heat 
dissipating from the optical device surface to the' protrusion of the silicon substrate 1 and a path for heat dissipating to 
the' protrusion of the silicon substrate 1 from the optical device backside through the sub-carrier are formed, thereby 
providing improved heat dissipation. 

Embodiment 1 8 

[0143]' Figs. 44A and 44B are schematic views showing an eighteenth embodiment of the opto-electronic hybrid 
integrated circuit of the present invention. Fig: 44A being a perspective view, and Fig. 44B being a cross-sectional view 

w . taken on line B-B* of Fig. 44A. A difference of the present embodiment from Embodiment 1 7 is in the structure of con- 
nection of the sub-carrier'67 for holding the optical functional device with the silicon terrace 30. That is, the active layer 
side surface electrode 37a of the optical functional device 37 is connected and mounted through the conductor pattern 
51a provided on the dielectric layer 50 and a solder bump 53a "which is an electroconductive bonding material. On the 
other hand, the device backside electrbde ; is con netted through the conductor pattern on the sub-carrier 67 surface, the 

15 thin film electrode 52 provided on the silicon terrace 30, and a solder bump 53b provided on the electrode 52. 

[0144] In previous Embodiment 1 7, when mounting the sub-carrier 67 to the solder bump 53b, the conductor pat- 
tern connecting to the sub-carrier 67 is provided on the dielectric layer 60c. Therefore, it is'required to coat a thermal 
conductive material between the sub-carrier 67 and the silicon terrace 30 in order to enhance heat dissipation effect of 
the device, which results^n 'complex packaging process. On'the other hand, in the present embodiment, since the sub- 

20 carrier 67 is mounted on the silicon terrace 30 thro ugh' the solder bump 53b, the solder bump 53b can also be utilized 
as-a thermal conductive material.: AS a result, the packaging process can be simplified. 

Embodiment 19 " J J : *' : \. ? \ ' ' ' / ' ' . . , . 

25 [0145] -' . Figs: 45A and 45B are schematic views showing 1 a nirietee rim 

grated circuit of the present invention; Fig. 45A being a perspective view, and Fig. 45B being a cross-sectional view 
taken' bn line B-B' of Fig. '45 A. Differences of the pr'eseht r embodrment from Embodiment 18 are that the packaged sub- 
strate 1 is provided with a guide' for directional' positioning in plane of the optical functional device 37a and, in th# sub- 
carrier holding the optical functional device", the distance from the outer side surface 67c of the sub-carrier 67*to the 

30 active layer 37b is set equal to a distance D from a guide inner wall 60d of the packaged substrate 1 to the optical 
waveguide core center. With this construction, alignment-free optical device hybrid integration is possible while using 
the sub -carrier. 

[0146] To set the distance from the outer side surface 67c of the sub-carrier 67 to the active layer 37b of the optical 
functional device 37 to the desired value D, for example; the optical functional device can be mounted on the sub-carrier 

35. as'sh'own-in Fig. 46. That is, the reference n urn eral^Oa 5 indicates a : device holding tool, on which surface are provided 
a guide 90b for setting the sub-carrier at the desired position, arid a marker 91 for setting the optical functional device 
at the desired position. Therefore, first the optical device 37 is placed on "the tool 90a s so that the marker 41 formed on 
the surface at the active layer side of the optical device 37, with the active layer side surface facing down, is in line with 
the rnarket 91 on thetool ; 90a, and the optical functional device 37 can be mounted bri the sub-carrier 67 with the out r 

40 side surface 67c of the sub-carrier contacted against the guide 90b on the* tool 90a, 1 ' 

[0147] > A device mounting method in which the positioning reference Surface provided on the optical device Is c n- 
tacted directly againstthe guide surface on the packaged substrate had a problem in view of" reliability of the optical 
device because a lattice defect may be generated in' the' optical device. On the other hand, in the present embodiment, 
the outer side surface 67c of the sub-carrier 67 is contacted aigainst the positioning guide 90b, thereby achieving align- 

45 ment-free device mounting without contacting the "optical fuhctional'device side surface against the guide. Therefor , 
packaging is possible without deteriorating the' reliability of the device even in device mounting using a guide structure. 

Embodiment 20 - - - ; ' * - ■ ■■■ j " ".'*// 

so [0148] Fig: 47 is ^schematic perspective view shbwing ari optical packaged substrate in a twentieth embodiment 
of the hybrid optical integrated circuit of the present invention. The present embodiment features that in the optical 
device mounting part II, the ground conductor layer 51a is embedded between the reference surface of the silicon sub- 
strate 1a and the under-cladding layer 60c, and other subject matters are almost the same as Embodiments 15 to 17. 
With the construction, in the optical device mounting part II, the under-clad 60c, the electrical wiring 50 provided on the 

55 surface, and the embedded ground conductor 51a form the microstrip like, thereby providing improved high-frequency 
characteristics. Using the microstrip' line, the electrical wiring density can be easily enhanced compared to the coplanar 
line as used in Embodiments 15 to 17. - '" f , 
[0149] ; Fig. 48 is a schematic cross sectional view along line D-D'in Fig. 47 when the LD array 37 is mounted on 
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the hybnd optical integrated substrate shown in Fig. 47. The electrical wiring part 500 is formed on the recess of the 
silicon substrate 1 including the electrode connection part with the optical device. Further, the protrusion surface of the 
silicon substrate 1- is the height reference surface of the LD array, and also functions as a heat sink. 
[0150] Thus, the present embodiment can Simultaneously provide the low-loss function, the high-frequency electri- 
5 cal wiring function, and the optical bench function. • • . -. • 

Embodiment 21 

[0151] Fig. 49 isa schematic perspective view showing an optical packaged substrate in a twenty-first embodiment 
w of the hybrid optical integrated circuit of the present invention, showing a construction where the length of the optical 
dev«ce .s .ncreased. The optical device 37 is a 15 mm long LiNb0 3 (LN) waveguide. The present embodiment is formed 
of the s.Hca-based optical waveguide on the silicon substrate as in other Embodiments. When the optical device length 
is increased as in the present embodiment, longitudinal warping , of, the substrate and optical device cannot be 
neglected. In the present embodiment, the silicon protrusion is divided into four parts, and the individual parts are pro- 
fs vided close to the optical waveguide so that the silicon protrusion surface 30 functions as a good height reference sur- 
face even with a warping in the substrate and the LN chip as shown in Fig. 50. Further, the electrical wiring 500 is 
formed as coplanar line o n the surface of the silica-based optical waveguide. under-cladding layer 60c formed in an area 
between the four-divided silicon protrusion. - t - s • . - 

[0152] As a result, as shown in Fig. SO, the silicon protrusion functions as.a height reference surface even when 
20 unneglig.ble warping exists in the substrate and LN waveguide.Further. the electrical wiring part shows improved high- 
frequency characteristics as in other Embodiments. ■ , 
[0153] Construction of the hybrid optical integrated substrate,of the present invention has been described above 
with reference to a case of silica-based optical waveguide formed on the silicon substrate, however the present inven- 
tion can also be applied to other materials.The substrate of the optical waveguide has a sufficient difference in etching 

25 speed to an etchant used in etching to form the device mounting part in the optical waveguide, and a combination of the 
substrate and dielectric optical waveguide can be used so. that the substrate functions as an etching stop layer to 
achieve the present invention. When such a combination of the substrate and the dielectric optical waveguide is used 
the substrate protrusion functions a. high precision height reference surface. Further, in view of the high-frequency char- 
acterises of electrical wiring, it is preferable to use an optical waveguide of a material having a lower dielectric constant 

30 than the substrate material. 

[0154] Examples of such combination of the substrate and the dielectric optical waveguide, in addition to the silica- 
based opt.eal wavegu.de/silicon substrate, include silica-based optical waveguide/alumina ceramic substrate silica- 
based optical waveguide/nitride alumina ceramic substrate., and use of a polymer-based dielectric optical waveguide 
such as polyimide optical waveguide or the like in place of .the silica,based optical waveguide. However when a sub- 

35 strate of poor thermal conductivity such as alumina ceramic is used, it-is necessary to provide a heat sink of the optical 
device on a separate substrate as shown in Embodiment 20 (Fig. 46).- 

[0155] Further, examples of mounting the optical device have been shown in the above individual embodiments it 
is of course possible to integrate an optical device driving electronic circuit, or a signal processing electronic clrcult'ln 
addition to the optical device.- > : r 

to [0156] As described above, in the hybrid optical. integrated.substrate of the above embodiment, the basic structure 
is that the d.electr.c optical waveguide is formed .on the, recess, on -the substrate having protrusion and recess and the 
protrusion .s used as an optical device mounting part to form, an optical waveguide substrate having a terrace' and the 
electrical wiring layer is formed on the dielectric optical waveguide formed on the recess of the substrate As'a result 
even when a substrate having a relatively low resistivity (e.g. silicon substrate) is used, or even with a substrate having 

<s a relatively high dielectric constant (e.g. alumina ceramic substrate), the electrical characteristics are not affected by the 
substrate, and improved high-frequency characteristics can be obtained. 

[0157] Further, in the hybrid optical integrated substrate of the present invention in which the- substrate protrusion 
of the optical device mounting part is divided into two or more parts, the dielectric optical waveguide layer is formed in 
the area therebetween, and the electrode pad part for connecting the optical device to the electrical wiring on the sub- 
strate is provided on the dielectric optical waveguide layer, since all of Ihe electrical wiring part can be formed on the 
dielectric optical waveguide layer, the high-frequency characteristics are remarkably improved and,' at the same time 
the upper surface of the substrate protrusion can be used as a height reference surface for mounting the optical device' 
thereby achieving precision optical device mounting. ■ : • ' 



55 Embodiment 22 



[0158] Fig. 51 is a schematic perspective view showing construction of an .optical packaged substrate in a twenty- 
second embodiment of the hybrid optical integrated circuit of the present invention.ln Fig. 21 ..the reference numeral 1 
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• indicates a substrate, 1a is a substrate recess, and 30 is a substrate protrusion. The reference numeral 92 indicates a 
; dielectric optical waveguide, 92a is-a signal optical waveguide, 92b is a monitor optical waveguide, and 93 and 93a are 
cladding layers. The reference numeral.95 indicates an electricalwiring surface of the optical device mounting part, 95a 
and 95b area central conductor and a gro.und conductor as an electrical wiring, layer, and 96 is .a fixing" material. The 
5 surface of the substrate protrusion functions as a height reference surface of the optical . device mounting part. Further, 
the surface is provided with a monitor thin electrode 97. 

[0159] The optical packaged substrate shown in Fig. 51 uses a silicon substrate as the substrate 1, and a silica- 
based optical waveguide as the optical waveguide circuit 92. The silicon substrate is provided with protrusion and 
; recess of 40u,m step. An ,under-cladding i layer comprising a 42u.m thick silica-based glass is provided on the recess, a 
io core of 6 x 6u,m, a signal. optical waveguide 92a with a refractive index difference D=0.75%.'ahd a monitor optical 
waveguide 92b are formed on top. The distance between.the protrusion of the silicon substrate 1 and the waveguide 
core center is set to 5um in line with the size of;the optical. functional device which will be described later. An end of the 
monitor optical waveguide 92b is disposed at apposition corresponding .to the height reference surface comprising the 
protrusion of the silicon substrate -1, and an end: of the 'signal optical waveguide 92a is disposed at a position corre- 

15 sponding to the electrical wiring surface 95.* A;0.5nm thickthin film gold electrode is formed on the height reference sur- 
face 30. There is a 10u.m step betweenHhe^protrusioh: surface of the silicon substrate 1 as the height reference surface 
and the electrical wiring surface, 95; andthe..under-cladding. layer 93 a of 30u,m thick silica-based optical waveguide is 
provided under the electrical wiring surface 5. The electrical wirings 95a and 95b are 4jim thick gbld plating pattern, and 
a 4u,m thick solder bump is ; formed as the fixing. material at the end. • 1 

20 [0160] By mounting a desired optical functional device on the optical device mounting part on the optical packaged 
substrate of the above construction, a hybrid optical integrated circuit as shown in Fig. 52 can be formed. An optical 
functional device 1 00 in the present embodiment is -a^serhiconductor laser, "which has a signal port 1 00a and a monitor 
port 100b -Arrangement order and. pitch of; the; individual ports correspond to' input/output end pitch of the optical 
waveguides 92a and .92b of the optical: waveguide circuit When the optical functional device 100 is mounted upside 

25 down- on the. optical device mounting .part, the monitotport 100b of the optical functional device is disposed on the 
height reference surface 30 of the,protrusion-of the sliibon substrate 1 , arid the signal port 1 00a is disposed on the elec- 
trical wiring ^surface. , . . v : . ';\.r. ^\ ..csos ;. -. ■ 'm' . . 
[0161]> . * Fig. 53is a, schematic cross sectional view taken : along line 111-111' in Fig. 52. The active layers *\doa and 1 00b 
of, the semiconductor laser 100 are located at positions of 4:5um from the device surface: On the other hand, in the 

30 hybrid optical integrated substrate, the distance from the surface of the thin film electrode 97 on the height reference 
surface. >(silicon protrusion) to the optical cwaVegii id e core center is set to 4.5|im. Therefore, by merely mounting the 
semiconductor 'laser on the height reference surface- as? shown, positioning in the'height direction of the optical 
waveguide and the semiconductor laser can be completed. ' ' : " / : 

[0162] To achieve inrplane direction positioning, : -p©'siticiriing must be carried out by monitoring the optical coupling 

35 eff iciency of the semiconductor laser and the optical waveguide. Since the surface electrode 1 00c under the optical sig- 
nal port 1 00a of the semiconductor laser does not contact-the electrical wiring 95 on the substrate 1 and the solder 
bump 96, core adjustment cannot be;performed utilising the optical signal p6rt"1 00a. However, in the present embodi- 
ment, the monitor optical waveguide 100a and the monitor port riobn are provided on the hybrid optical integrated circuit 
and the optical functional device, and the surface electrode 1 00c underthe monitor port 100b is contacted with the thin 

40 film electrode 97 on the height reference surface 30; 'core adjustment utilizing the monitor port is possible. 

[0163]-; .rThecbre adjustment can be carried out by functioning the semiconductor laser as a light 2 - receiving device. 
That is, monitor light is transmitted in the monitor optical waveguide, the light- receiving current of the monitor port rela- 
tive to the monitor light- is monitored -to find a positions here the currentls a maximum. - 
[0164] : ( Further,..as active alignment, it is possible to use ;a method in which the LD 100 is caused to emit light, and 

45 a position where the optical output from the monitor optical waveguide is a maximum. • 

[0165] Then, as shown in Fig. 54, after core adjustment, by heating "to ref low the solder bump 96, since the solder 
bump contacts the signal port upper electrode 100c of the semiconductor laser, electrical connection and device fixing 
between the semiconductor laser and the hybrid optical integrated substrate can be achieved/In this case, the contact 
position between the solder and the optical functional-device is set slightly shifted from immediately beneath the port 

so (active layer), thereby preventing a stress associated with solidification Shrinkage of solder from directly acting upon the 
optical signal port of the optical functional device. 1 : 

[0,166] . Excessive. coupling loss by position deviation in the hybrid optical integrated circuit was less than 0.5 dB. 
This indicates that in the hybrid optical integrated circuit of the present embodiment, LD surface packaging can be 
achieved with a precision within 1u,m. This becomes possible first by using the silicon protrusion surface as the height 
55 reference surface, and secondly by active alignment for in-plane direction positioning. 

[0167] As described above, in the present embodiment, it is possible to make active alignment for core adjustment 
in in-plane.direction while functioning the- optica (functional device, and optical device mounting by solder bump.' There- 
fore, compared with prior art device mounting by passive alignment, optical device hybrid integration can be achieved 
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with higher precision, and problems of reduction in mounting strength and large stress to the optical functional device 
due to the use of thin film solder, which was a problem in prior art active alignment, can be solved. - . 

[0168] Further, the present embodiment uses a highly heat conductive silicon substrate, protrusion and recess are 
provided thereon, and the protrusion is used as a height reference surface for optical functional device mounting. With 
5 this construction,' heat evolution of the optical functional device can be efficiently dissipated through the silicon protru- 
sion. ' . . : 

[0169] In the present embodiment, the electrical wiring surface of the optical device mounting part is provided on 
the silica-based optical waveguide cladding layer with a sufficient thickness. With such a construction, a hybrid optical 
integrated circuit with superior high-frequency characteristics can be achieved. That is, in the prior art as shown in Fig. 

io 1 , in general, electrical wiring is formed directly on the silicon substrate, or on a very thin oxide film having a thickness 
of about 0.5um However, such a prior art construction had a problem in that the high-frequency characteristics of the 
electrical wiring part are considerably deteriorated by an influence of the silicon substrate as a semiconductor. In the 
present embodiment, this problem is solved by providing a dielectric layer of a sufficient thickness between the silicon 
substrate and the electrical wiring surface. In practice, it was confirmed that the electrical wiring part in the hybrid optical 

15 integrated circuit of the present embodiment had a band of about 1 0 GHz. 

Embodiment 23 

[0170] Fig. 55 is a schematic perspective view showing construction of a twenty-third embodiment of the hybrid 
20 optical integrated circuit of the present invention. The present embodiment features that^unlike Embodiment 22, in addi- 
tion to the height reference surface for opticaj functional device, a protrusion is provided on the silicon substrate. 1 as 
the optical device mounting part, an electronic circuit mounting surface 98 is provided on the silicon protrusion, and not 
only the electrical wiring for optical functional device but also electrical wiring for the electronic circuit are provided on 
the electrical wiring surface 98. Other components are similar to Embodiment 22, Similar components as those used in 
25 Embodiment 22 are indicated by similar reference symbols', ; and detailed description thereof is omitted. 

[0171] With this construction, similar effects to those, obtained in Embodiment 22 can be provided and, in addition, 
since the silicon substrate protrusion is also used as the electronic % circuit mounting surface 98, heat evolution of the 
electronic circuit mounted thereon can be efficiently dissipated. That is, the optical packaged substrate used in the 
hybrid optical integrated circuit of the present invention can provide functions as an opto-electronic hybrid packaged 
30 substrate. . - - >..."'....»/;, 

Embodiment 24 , ,, . . - *■ 

«... *•.*.' - . ~ "' ' , 

[0172] In previous Embodiment 22, the silicon substrate having protrusion and recess is used as the substrate, and 
35 the silica-based optical waveguide as the dielectric optical waveguide. However, to achieve both optical functional 
device positioning by active alignment, which is the object of the present invention, and device mounting by a thick film 
solder such as solder bump, other combinations than the material system can naturally be used. Such combination 
examples are shown below. 

[0173] First, it is needless to say that the optical waveguide, in Embodiment 22 is not limited to a silica-based optical 
40 waveguide. For example, when a polymer-based optical waveguide such as polyimide waveguide is used, all of the 
effects as obtained jn Embodiment 22 can be provided.. . " ... ".. v *. . .•>. . . ^ t t { - - ..... 

[0174] Secondly, the substrate in Embodiment 22 can also be other than silicon substrate. For example, a ceramic 
substrate such as alumina substrate, which is" proven as a packaged substrate of electronic circuit, provided on the sur- 
face with protrusion and recess can also be used. Further, for the optical waveguide in this case, a silica-based optical 
45 waveguide, a polymer-based waveguide, and other materials can be used. When an alumina substrate is used as the 
substrate, the heat dissipation effect is inferior to Embodiment 22, but other functions are almost similar to Embodiment 
22. Especially, it is sometimes superior to Embodiment 22 in terms of the high-frequency characteristics of the electrical 
wiring and expandability of wiring size. ...... 

[0175] Thirdly, Embodiment 22 uses a substrate having protrusion and recess formed on the surface but. instead, 
so it is of course possible to use a substrate having a flat surface. Fig. 56 is a perspective view showing a substrate struc-. 
ture, as an example of this configuration, in which an alumina substrate having a flat surface and a silica-based optical 
waveguide are used. The height reference surface 30 of the optical device mounting part can be formed of an optical 
waveguide cladding layer. 

[0176] In this case, height precision between the height reference surface 30 and the center of the optical 
55 waveguide cores 92a and 92b may be inferior to Embodiment 22. Further, when a ceramic substrate is used as the sub- 
strate, the heat dissipation effect may also be deteriorated. 

[0177] However, also in the present embodiment, both the active alignment and thick film, solder mounting, which 
are the object of the present invention, can be simultaneously achieved. Further, it is of course possible to use a silicon 
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substrate as the flat surface substrate. A silica substrate can also be used as the substrate 



Embodiment 25 
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[0189} In the present embodiment, the optical device mounting part has thesame structure as in Embodiment 22. 
[0190] Figs 60A and SOB are cross sectional views of the circuit shown in Fig. 59, Fig. 60A is a cross sectional view 
taken along line Xa-Xa" showing LD mounting configuration, and Fig. 60B is a cross sectional view taken along line Xb- 
Xb" showing modulation array mounting configuration. •j.owk ^ih. 

[0191] With this construction, it is possible that monitor light is input to the monitor optical waveguide 220b, andthe 
Fight receiving current is monitored to achieve active alignment of the LD 1 00. Quite similarly, ahgnment of the modulator 
array 101 is achieved using the monitor optical waveguide 221b. , - ^ ■ ' 

[0192] Further, since the arrangement of the monitor optical waveguide in the present embodiment is on me 
assumption that the monitor port of the optical functional device has a light receiving function, the application us l.mrted 
to semiconductor devices. • . . 

Embodiment 27 .. . . •' •"- - '■ 

T01931 Fig 61 is a schematic plan view showing construction of a twenty-seventh embodiment of the hybrid optical 
ntegrated circuit of the present invention. The present embodiment features that, unlike Embodiment 26 showninRg. 
59 The second optical functional device, that is, the monitor optical waveguide 221 b to the modulator array 1 01 ,s con- 
nected with the Lx optica, functional devtee, that is, between the LD 100 and the modulator array 101 Smce other 
components are the same as in Embodiment 26, similar components are indicated by s.mHar ^ n ^ m ^- 
SetaSed description thereof* omttted. That is, the monitor optica) waveguide 221b to the modulator ^1 » comj ned 
with the monitor optical waveguide 220b immediately before the LD 1 00, and connected to the monitor port 1 00b of the 

[0194] With this construction," optical device mounting is possible using the following procedure. ^ac*£ align: 
ment s made using the monitor optical waveguide. 220b r .|n,this,case. the LD. may be causae I to emit 
rece ving function may be used. After the completion of deyice rno.unting, alignment of the modulator array 101 ismade 
She monitor optical waveguide 221 b. In this case., with the,LD,monitor port 1 00b caused to emit light, the mentor 
nort 101 is functioned as a light receiving device,-arid the ; light.receiv,ing current is monrtored . ... : 

SfSn The features of this method are that, in alignment pfthe first optica, functional dev,ce the opbeal fiber is con- 
nected to the monitor optical waveguide, and the monitorjigbt must be input or output. However. s^Je maj^: . 
calwaveguide for connecting the optical functional devices each otheris provided, fiber connection is needless in 
alignment of .the second optical functional dayice. thereby sirppjjfyiog the alignment work. 

Embodiment 28 

[0196] Fig 62 is a schematic plan view of a twenty eighth embodiment of the hybrid optical integrated circuit of the 
present invention. Figs. 63A and 63B are plan views for explaining the alignment method of the opbeal fun* ipnal . dene* 
to be mounted on the circuit shown in Fig. .62, in which Fig. 63A shows cor? adjustment and mounting of the LD array, 
and Fig. 63B shows core adjustment and mounting ofthe modulator.array.. .. • / ■ • m 

[01971 The present embodiment features that, unlike Embodiment 27. as the monitor optical waveguide to modula- 
tor lol. in addition to the waveguide connecting tp.the LA a waveguide connecting to the end of the optical waveguide 

^^^o^&^tf^^ alignment to the modulate; % is increas^as a^ 
alignment is also possible to the optical functional device comprising a material other than semiconductor-devices. The 
aliqnment procedure with the construction is described below. . , . • ^ ■ 

[0199] Alignment of the optical integrated circuit of this construction. will be desenbed wrth reference to Figs^ 63A 
and 63B. First monitor light is transmitted to the monitor optical waveguide 220b, wh.la monitoring optica, coupling wrth 
the monitor port 100b of the LD array 100. alignment of the signal.pptical waveguide. 220a and the optica, signal port 
OO^s made, and the LD array 100 is.fixed. Then. core adjustment and fixing of. the modulator array -ay be made 
using the monitor optical waveguide 221b and the monitor port 101b. As a monitoring method in this case *e monitor 
port 101b is used as a passive waveguide, monitor light incident to the monitor opt.ca. wavegu.de 221b is tmnsnutfed 
to the monnor port 1 01 b and, finaiiy, incident to the mon^ 

of the LD 1 00 may be functioned as a light receiving device to fine a position where the light receivmg cu^ent , , a max- 
imum Further, the light transmission direction is reversed, the monitor port 100b of the LD 100 ,s caused to emit bght, 
and the output light from the monitor waveguide 221b at this time may be monitored. 

[0200] Since the monitor port of the modulator array is used as a passive waveguide, this method can be apphecf 
of course when the optical functional device 101 is formed of a semiconductor material as.n the presen ^bod^ent. 
and even when an optical device other.than semiconductor, for example, electrooptical crystals such as L.Nb0 3 or mag- 

[Soy ,Ca As^ditibL US above. in the present embodiment/in hybrid integration of a plurality of optical functional 
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devices, since monitor optical waveguides are provided corresponding to the individual devices, and it is possible to 
mount a plurality of devices in series in the optical waveguide circuit. 

Embodiment 29 * - ; * ■ 

5 - 

[0202] Fig. 64 is a schematic plan view showing a twenty-ninth embodiment of the hybrid optical integrated circuit 
of the present invention. The present embodiment features that as the monitor optical waveguide of the optical 
waveguide circuit or the monitor port of the optical functional device; a plurality of monitor waveguides 92b and 92c or 
monitor ports 100b and 100c are provided. 

w [0203] As shown in Fig. 64, the mohifor ports 100b and 100c of the optical functional device are formed with the 
same width, the width of the monitor optical waveguide 92b of the optical waveguide circuit is set equal to the signal 
optical waveguide 92a, and the monitor optical waveguide 92c is wider in waveguide width than 92b. 
[0204] With this construction, after rough core adjustment using the monitor optical waveguide 92c and the monitor 
port 1 00c, fine adjustment is possible using the monitor optical waveguide 92b and the monitor port 1 00b. By such two- 

15 step core adjustment, it is possible to red uce : trVe time' required' for active alignment. f ^ * 

Embodiment 30 : " - .. .*.-;; " r-:. ■ - v - 
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35 



[0205] Fig. 65 is a schematicplari view showing a thirtieth embodiment of the hybrid optical integrated circuit of the 
present invention. The present embodiment features that; contrary to previous Embodiment 29, the monitor port of th 
optical functional device is set equal in width to the signal port to set the monitor port 1 00c wider than the signal port 
[0206] With this construction, it is also possible to reduce the time required for active alignment by two-step core 
adjustment of rough adjustment -fine adjustment:- " ViJ - c - * ; ; 

[0207] ' As described above, in the hybrid optical integrated' circuit of the present embodiment, the monitor optical 
25 waveguide is'prbvided in the optical Waveguide circuit along- with the : sigh af optical waveguide, the optical functional 
device is provided with the signalport and the' monitor port corresponding to the waveguide arrangement of the optical 
waveguide circuit, the monitor optical waveguide of the r 6ptical waveguide circuit and the monitor port of the optical func- 
tional device are optically coupled and, at the same time, the signal optical waveguide and the signal port are optically 
coupled, : and the optical functional device can be disposed on' the optical device mounting part on the optical waveguide 
so circuit. Therefore, the signal optical waveguide part has wavelength selectivity/optical frequency selectivity and thVlike, 
or the signal port of the optical function aKdevice has various functions, even when active alignment using the signal 
optical waveguide and the signal port is difficult, active alignment is possible using the monitor optical waveguide and 
the monitor port. 

[0208] Further, since the optical device mounting part is provided with the height reference surface formed with a 
thin film electrode on the surface and the electrical wiring surface which' has' a lower height The height reference sur- 
face is disposed at a position corresponding to : the'mbnitor optical waveguide, and the electrical wiring surface is dis- 
posed at a position corresponding to the signal optical waveguide/ in mounting the optica! functional device oh the 
substrate, it is possible to make active alignment 6f the opticaffunctiona I 'device with the optical waveguide, and devlc ' 
mounting using thick film' solder such as solder bump. Therefore, since high positioning precision of the optical 
40 waveguide with the optical functional device is achieved, ahcrthe upper surface of the signal port of the optical functional 
device does not contact directly with the substrate, application of a stress associated with device mounting to the signal 
port Is' prevented: • ' '' c u r.r.ir . ■. ; , . r : ■'. 

[0209] Further, when a substrate with protrusion and recess' is used as the substrate, and a dielectric optical 
waveguide is used as the optical waveguide circuit, height setting precision of the height reference surface of the optical 
45 device mounting part is remarkably improved, and the high-frequency characteristics are remarkably improved. 

[0210] When a silicon substrate having an excellent thermal conductivity is used as the substrate above, heat dis- 
sipation for the optical functional device is remarkably improved, in addition to the advantage above. 
[0211] Further, when the monitor optical waveguide on the optical waveguide circuit is arranged at a position 
between the optical functional devices, if desired, in addition to a position between the optical functional device and the 
so optical waveguide circuit, it is possible to mount a plurality of optical functional devices in the optical waveguide, the 
devices being in line: It is also possible to form a hybrid integrated circuit including optical functional devices which are 
many kinds of materials including semi-conductive materials," of course. : 



Embodiment 31 



55* 



[02*12] ' Figs. 66 and 67 show construction/of a first embodiment of optical sub-module which can be mounted on th 
hybrid optical integrated circuit 6f the present invention, in which Fig. 66 is a'schernatic perspective view showing con- 
struction of an optical device 301 and a carrier 302 which are components of the optical sub-module of the present 
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embodiment, and Fig. 67 is a cross sectional view taken along line AA' in Fig. 66. 

[0213] The optical device 301 is an arrayed semiconductor optical amplifier, 31 1 is its active layer, the active layer 

31 1 has four arrays formed at 4001 intervals, and the active layers 31 1 are separated from an optical device surface 

312 by 6u.m. An active layer side electrode on the active layer 313a is formed on each. active layer 31 1 i, and a ground 
5 side electrode 313b is formed on the backside reverse to the optical device surface 312. 314 is an optical device height 

reference surface, which is provided at a position 3u,m towards the backside from the active layer 31 1 , that is, 9ujt» lower 
than the optical device surface 312. 315 is a lateral direction reference surface of the optical device, which is formed 
perpendicular to the optical device surface 312 and the optical device height reference surface 314. The position of the 
reference surface 31 5 is 400um away from both ends of the outside active layer 311 of the four active layers 311. In the 
10 present embodiment, the optical device lateral direction reference surfaces 315 are provided on the right and left sides, 
but its function can be sufficiently achieved by only one side. 

[0214] The carrier is formed by providing three steps on the, surface of the silicon substrate as shown in Fig. 66. A 
carrier protrusion 321 is an "optical device holding surface 321 a" for holding the optical device height reference surface 
314 of the optical device 301 , which also functions as a "carrier height reference surface 321b" which is a reference sur- 

15 face when mounting on the packaged substrate. That is, in general cases, "the optical device holding surface" and "the 
carrier height reference surface" are separately formed as. surface of different heights, however, they are the same sur- 
face in the present embodiment. A region 325 surrounded. by the carrier protrusion 321 is formed by providing a 15u,m 
step from the carrier protrusion 32KA carrier electric wiring 324 comprising a 2urnthick gold is formed on the surface 
of the region 325. A solder pattern 326 is provided at the tip. The region 325 serves the function of an electrode lead of 

20 the active layer side eiectrode 313a of the optical device.301., A peripheral region 323 is formed by providing a 40u>m 
step from the carrier protrusion 321 , and the carrier electrical wiring 324 is continuously formed also on its surface. This 
region 323 serves electrical connection with the optical packaged substrate side electrical wiring. 
[021 5] . The carrier 302 having multiple steps of the present embodiment was formed by repeating anisotropic etch- 
ing of the silicon substrate. That is, the protrusion 321 of the silicon substrate was first formed, and then the step of the 

25 region 325 was formed. When the steps are formed by anisotropic etching, the side surfaces between the steps are not 
vertical, but an angle of about 55° can be formed between steps of the region 325 and the region 323 without. cutting 
the electrical wiring 324. 

[0216] Fig. 17 is a schematic cross sectionai view taken along line AA' in Fig. 66 showing an optical sub-module 
when the semiconductor amplifier 301 is mounted on the carrier 302. The optical device height reference surface 314 

30 of the semiconductor amplifier 301 is contacted with,the.,carrier holding surface 321 of the carrier.302. In this condition, 
the optical device active layer side electrode 313a and the carrier electrical wiring 324 provided on the carrier region 
325 are connected by heating the carrier 302 to reflow solder. 326. Since the steps between the individual carrier 
regions and the step between the optical device height reference surface and the active layer are set as above, the 
active layer is positioned 3u,m above the carrier height reference surface (carrier holding surface) 321 b. 

35 [021 7] With the optical device formed as an optical sub-module, it. is easy to previously check the characteristics of 
the optical device. That is, since the optical device active layer side electrode 312a is already connected to the .carrier 
electrical wiring 324, checking can be carrier out without contacting directly with the-optical device surface. 

Embodiment 32 _ .. . /. • ;.: 

40 ( ' ............... / ». . r - ■ \ ■ < 

[0218] Fig. 68 is a schematic cross, sectional, view showing a second embodiment of an. optical sub-module which 

can be mounted on the hybrid opticaU^ . . .. 

[0219] In the. optical sub-module of the present invention, the distance between the active layer of the optical device 

and the carrier reference surface can always be unified to a value even when using optical devices of. different sizes. In 
45 -previous Embodiment 31, the step was 3pm between the optical device height reference surface 314 and the active 

layer 31 1, but suppose a case when mounting an optical device where the step is 5u,m. In this case, as shown in Fig. 

68, a 2u,m step can be provided between the optical device holding surface 321a of the carrier 302 and the carrier 

height reference surface 321b. , / 

so Embodiment 33 ......... 

[0220] Fig. 69 is a schematic cross sectional view showing a third embodiment of an optical sub-module which can 
be mounted on the hybrid optical integrated circuit of the present invention. Even when the optical device surface 312 
at a 6u.m height from the active layer 31 1 is used as the optical device height reference surface 314, as shown in Fig. 
55 69, the optical device height reference surface 314 of the carrier 302 can be set9u.m higher than the carrier height ref- 
erence surface 321 a. .. .. 

[0221] By setting the size as in Embodiment 31 or 32, the. step between the carrier height reference surface and the 
active layer can be set to. 3u.m as in Embodiment 31 shown in Fig. 67. . - t . 
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..Embodiment 34 . ?. 

.[0222] Fig/70 is a schematic exploded- perspective view showing construction of a thirty-fourth embodiment of the 
hybrid optical integrated circuit-using the "optical sub-module of Embodiment 31 shown in Figs. 66 and 67. The refer- 
5 erice numeral 304 indicates an optical packaged substrate, in whiclVan optical waveguide part 342, an electrical wiring 

346 as a substrate electrical wiring, and 'an optical device mounting part 348 are formed on a silicon substrate 341 with 
a step. . ,- ' : 

[0223] The optical waveguide part 342 is formed on the silicon substrate recess, which is a three-layered embed- 
ded type silica-based optical waveguide having an under-clad 342a (30>im thick), a core 342b (6u.m thick x 6u,m wide), 

w and an over-clad 342c (30um thick). 

[0224] : The substrate electrical wiring 346 is' formed oh the surface of the over-clad 342c, which uses a coplanar 
structure comprising^ central conductor 346a and a ground conductor 346b so ttiat high-frequency operation is possi- 
ble. These wirings by depositing and 'patterning gold \6\xm thick) after the over-clad is formed. This wiring layer has a 
sufficient thickness (66nm) arid is : formed oh silica' glass having a small dielectric constant, and thus has good electrical 

15 characteristics. Further, at the' tip 'of the "central conductor 346a In the substrate electrical wiring 346, a solder. pattern 
327* is deposited and patterned for electrical' connection with the optical sub-modiJIe. 

[0225] The optical device mounting part 342 is formed in a region including the silicon protrusion 343. Height of the 
silicon protrusion 343 surface is in Tine with the height 'of th^ upper surface of the optical waveguide under-clad 342a, 
which functions as a height reference surface (hereinafter referred to as substrate height reference surface 343) wh n 
20 mounting the optical sub-module! "That is, height from the substrate height reference surface 343 to the center of the 
optical waveguide core 342b'is'3nrri, which Is equal to th I height from the carrier height reference surface 321b to the 
active layer 31 1 of the optical sub-module in 'Erribddfmenf 31 '.'"silicon recess region other than the substrate height ref- 
erence surface 343 is an optical device 7 Inserting grdbve^349, which has' a depth of about llOpm from the substrate 
height reference surface 343: On the bottom surface of the groove 349, the ground electrical wiring layer 347 compris- 
es ing 2jim thick gold is formed simultaneously with the substrate electrical wiring 346 on the over-clad 342c. Since the 
ground electrical wiring layer 347 does not require fine patterning, it can be easily formed on such a deep (groove bot- 
tom. A wiring take-out part 349a is provided at an endof the groove 349 bottom, and the ground electrical wiring layer 

347 and the ground conductor 346b of the opt fcal packaged substrate 304 are' connected with a lead 345. 

[0226] Since in the optical packaged-substrate 304 of the 'present embodiment, the substrate 5 electrical wiring for 
30 taking outthe electrode 31 3a of the opticat device active fayer31 1 side can be formed on the optical waveguide surface, 
even : wheri the arrayed 'optical device 301 is inserted iri the'course of the optical waveguide as above, a relatively fine 
electrical wiring pattern can be easily forrhedl : In moVnting fri the prior art optical device upside down configuration, the 
substrate electrical wiring must be formed on the bottom surface of trie stepped substrate, which was difficult. 
[0227] Then, the process for fabricating a 'hybrid optical integrated circuit by mounting the optical sub-module 
35 including the optical device 301 and the carrier 302 on the opticai packaged substrate 304 will be described with, refer- 
ence to Figs; 70/ 71; and 72. Fig. 71 is a cross sectional view taken along line BB' of Fig. 70, and Fig. 72 is a cross 
sectional view taken along line CC of Fig. 70. 

[0228] Referring to Figs. 70 and 71 , by contacting the carrier height reference surface 321 of the optical sub-module 
with the substrate height reference surface 343 of the optical packaged substrate, positioning in the height direction of . 

40 the opticai device active layer 311 'with the optical Waveguide* core 342b can be bbmpleted: In the present erribodim nt, 
as to the lateral direction (plane directioh of 4 the silicon substrate and the" direction perpendicular to the optical 
waveguide), an optimum position was set while monitoring opticai coupling rate of the optical waveguide with the optical 
device- After the cbrnpletioni of positioning; an electrbconductive bonding material was dropped on the bottom surface 
of the optical device inserting groove 349 of the "optical packaged substrate to fix the optical sub-module and the optical 

45 packaged substrate. ' ~ * *-*••■. .. - 

[0229] Finally, as shown in Fig. 72, solder 327 provided at the end of the substrate electrical wiring on the optical 
packaged substrate is reflowed to achieve electrical connection of the electrical wiring of the optical sub-module and 
the electrical wiring of the substrate 304, thus completing fabrication of the hybrid optical integrated circuit. 
[0230] In the present embodiment, reflow of solder is made by heating the entire substrate but, alternatively, this is 

50 also possible by locally heating the connection. 

[0231] In the prior art optical device upside down packaging configuration, optical device mounting and electrical 
wiring must be in the process at a time. However, in the packaging process of the present embodiment, the core adjust- 
ment process of the optical sub-module with the opticai packaged substrate, and the electrical wiring process of both 
can be separated from each other as described above. 

55 [0232] Further, for an optical device having a number of electrical wiring terminals, in the prior art method, electri- 
cally unconnected terminals tend to occur, leading to a reduced yield. Oh the "other hand, with the present invention, 
electrical wiring can be made after fixing the optical device, and the hybrid optical integrated circuit can be fabricated 
with an optical device having a number of electrical wiring terminals. 
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[0233] Further, with the optica! sub-module and the hybrid optical integrated circuit of the present invention, the size 
in the height direction is not required to be changed even with an optical deice having a different size in the height direc- 
tion. By appropriately setting the height between the individual reference surfaces of the optical sub-module as shown 
in Figs. 67 and 68, and setting the height between the carrier reference surfaces 321, 321a, and 321b and the optical 
5 device active layer 31 1 , the optical packaged substrate of the present embodiment can be applied to any type of optical 
device. 

[0234] As described above, with the present invention, difficulties in 1 ) mounting multiple devices of multiple types, 
2) electrical wiring formation on the substrate, and 3) previous inspection of the optical device, which have been prob- 
lems with the prior art hybrid optical integrated circuit of upside down configuration, can be simultaneously eliminated. 
w 1 
Embodiment 35 

[0235] Fig. 73 is a schematic perspective view showing construction of a fourth embodiment of optical sub-module 
which can be mounted on a thirty-fifth embodiment of the hybrid optical integrated circuit of the present invention. Difr 
15 ferences of the present embodiment from the optical sub-module of Embodiment 31 are that the positioning reference 
surface in the lateral direction is provided, and that a step between the region 325 and the region 323 is removed. 
[0236] As shown in Fig. 73, the optical device 301 an arrayed semiconductor optical amplifier which is the same as 
in Embodiment 31, and various dimensions are the same. In the carrier 302, as in Embodiment 31, the optical device 
holding surface 321a and the carrier height reference surface 321b are formed on the same surface with no step, and 

20 an optical device mounting lateral direction reference surface 322a for positioning in the lateral direction of the optical 
device is formed on the inside surface of the optical device holding surface 321a. In mounting the optical device 301 on 
the carrier 302, the optical device height reference surface 314 is contacted with the. optical device holding surface 
322a, and the optical device lateral direction, refe re nek surface 315 is contacted with the optical device mounting lateral 
direction reference surface 322a, thereby determining a relative position between the carrier 302 and .the optical device 

25 301 . A carrier lateral direction reference surface 322b is formed on the outer side surface of the carrier height reference 
surface 321 b of the carrier 302, and the carrier lateral direction reference surface 322b and the optical device mounting 
direction reference surface 322a are separated by 300u,m. The structure, and sizes of the carrier 302 other than the 
above are the same as in Embodiment 31 . Therefore, when the optical device 301 is mounted on the carrier 302, dis- 
tances between the optical device active layer 31 1 and the carrier height reference surface 321 b and the carrier lateral 

30 direction reference surface 322b are 3um and 700u,m, respectively. 

Embodiment 36 ".'*.'' 

[0237] Fig. 74 is a schematic cross sectional view showing construction of a thirty-sixth embodiment of the -hybrid 
optical integrated circuit of the present invention. The present embodiment is characterized in that the optical sub-mod- 
ule of Embodiment 35 is included. ' 

[0238] The optical packaged substrate mounting the optical sub-module of Embodiment 35 is the same in structure 
as shown in Fig. 70. However, in the present embodiment, distance "from the optical waveguide core center to a device 
mounting groove side wall 348b'is set to 70Qu.m. Other sizes are the same as in Embodiment 34. 
[0239] In the present embodiment, in mounting the optical sub-module, as shown in .Fig. 74, positioning of the opti- 
cal device active layer 311 with the optical waveguide core 342b is completed'by contactrng 'the cam^ 
surface 321b of the optical sub-module with the substrate height reference surface 343 of the optical packaged sub- 
strate, and contacting the carrier mounting lateral direction reference surface 322b with the device mounting groove 
side wall 348b; After that, the hybrid optical integrated circuit can be fabricated through the same process as Embodi- 
ment 34 shown in Figs. 70 to 72. 

[0240] Even with different size of the optical device, when the individual height reference surface and the lateral 
direction reference surface provided on the carrier are appropriately selected, distances between the optical device 
active layer 31 1 and the carrier height reference surface 321b and the carrier mounting lateral direction reference sur- 
face 322a can always be set to 3um and 700um, respectively. Therefore, with the present embodiment, even when the 
size of the optical device is changed, the hybrid optical integrated circuit can be formed without changing the size of the 
optical device mounting-part of the optical packaged substrate. In addition, various effects obtained in the above indi- 
vidual embodiments can be achieved by the present embodiment as well. 

Embodiment 37 . .. 

[0241] Fig. 75 is a schematic exploded perspective view showing* construction of a fifth embodiment of an optical 
sub-module which can be mounted on a thirty -seventh embodiment of the hybrid optical integrated circuit of the present 
invention. In the present embodiment, a transparent siiica glass is used as a material of the carrier 302. Compared with 
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the carrier of Embodiment 31 . structural differences are that an optical device positioning marker 21 0 and a carrier p si- 
tioning marker 230 are provided respectively on the optical device holding part 321 a and the peripheral region 323 Fur- 
ther, the optical device electrode take-out region 325 and the peripheral region 323 are set at the same height Other 
construction is the same as the carrier structure of the optical sub-module of Embodiment 33 shown in Rg 69 The 

s active layer side surface 312 of the optical 'device 301 is set to the optical device height reference surface 314 and on 
which a marker (not shown) corresponding to the optical device positioning marker 210 is formed. ' ' 

[0242] Since, in the present embodiment, transparent silica glass is used as the carrier, on mounting the optical 
device 301 on the carrier 302, the markers formed on the optical device and the carrier can be observed through the 
transparent earner. Then, the optical device height reference surface 31 4 and the carrier holding surface 321 a are con- 

w tacted, and the optical device is mounted so that the marker formed on the optical device is in line with the optical devlc 
positioning marker provided on the carrier, thereby achieving exact positioning in both the height direction and the tat- 
eral direction. 

[0243] Further, in the present embodiment, since. the electrical wiring 324 is a coplanar wiring, and formed on the 
surface of silica glass with a small dielectric constant;, much superior high-frequency characteristics can be obtain d 
15 compared to Embodiment 36 using the siliconsubsfrate W the earner 302.' 

Embodiment 38 • ' ""<''•* ■■'■;>■ • ' '• : ■• 

[0244] Rg.76 is a schematic exploded pehspMtii/e' view showing construction of a thirty-eighth embodiment of the 
hybrid optical integrated circuit of the present invention: The'. present embodiment features that the optical sub-module 
of Embodiment 37 shown in Fig. 75 is mounted' on the optical packaged substrate 304. Except for a substrate marker 
410 provided on the over-clad of the optical waveguide 302. other construction is almost the same as Embodiment 34 
shown in Fig. 70. When the optical sub-module is mounted on the substrate', the substrate marker 41 0 can be set in line 
with the carrier positioning marker 230, and the carrier height reference surface and the substrate height reference are 
contacted and fixed. .• . . ... . .■ , 

[0245] : ; Iri thasilica^lass carrWf of jhe present embodiment; the thermal conductivity is much inferior compared with 
the silicon carrier of Embodiments 31 and 32: However, when mounting on the optical packaged substrate of Fig 76 
. ^ is no problem because the optical packaged substrate itself functions as a heat sink. - ' 

30 Embodiment^ \ '"' """ :! *' •' -it . .. • . ., 

[0246] Fig. 77 is a schematic perspective view showing construction of a sixth embodiment of an optical sub-mod- 
ule which can be mounted on a thirty-ninth embodiment of the hybrid optical integrated circuit of the present invention 
In. the present embodiment, the carrier 302 is constructed using, a ceramic substrate having the multilayered electrical 
wiring 324 on the surface and inside.The carrier (ceramicsubst'rate) 302 is formed therein with an electrical wiring 324h 
in the perpendicular direction tor connecting electrical wirings on the upper and lower surfaces, an electrode of the opti- 
cal device 301 is connected on the lower surface, of the ceramic substrate 302, and again taken from the lower surface l 
through a wiring 324s on the upper surface of the substrate.. ' \ ' 

[0247]" ' The-dpfical device holding surface' 321a and the carrieV height referenbe surface 321b are formed of polyim- 
ide. Such a construction can be achieved,. after forming a.thickpplyimide film on the. ceramic substrate, by. removing 
unnecessary portion of po|yirriide by etehing. " " ' 

[0248] : Using the optical sub-module, it can be mounted on theViparRadka^ substrate to obtain the hybrid opth ; ''' 
cal integrated circuit of the present invention by the same method of other embodiments described above • 
[0249] In the present embodiment; since the ceramic substrate, is used as the carrier for the optical sub-module 
good electrical characteristics can be obtained, and multilayered elebtricaf wiring can be easily achieved Further since 
the electrical wring can be provided on the carter, previous inspection of th^opt^cal device, is very easy. . .' ' . 

Embodimerit'40 ' ■ : . 
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so [0250] Fig. 78 is a schematic perspective view showing construction of. a seventh embodiment of an optical sub- 
module which can be mounted on a fortieth embodiment of the hybrid optical integrated circuit of.the present invention 
The carrier 302 of the present embodiment includes a silicon. substrate 302a of protrusion and recess configuration a 
silica glass layer 302b as a sufficiently thick dielectric layer formed in the recess, the electrical wiring 324 formed on the 
dielectric layer 302b, the optical device holding surface 321a formed on the silicon protrusion, and the carter heiqht ref- 

55 erence surface 321b as basic components. 

[0251] Use of the highly heat conductive silicon substrate .and the carter of silica glass laminate structure with a 
sufficient thickness provides effects that 1) since, the electrical wiring is formed on the surface of the silica glass layer 
having a small dielectric constant, good high-frequency characteristics.are obtained as in Embodiment 33- and 2) since 
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silicon is exposed on the optical device holding surface and the carrier height reference surface, and both surfaces indi- 
vidually contact with the optical device height reference surface and > the substrate height reference surface, an 
improved heat dissipation can be obtained. : . 

[0252] As the dielectric layer, other than Silica glass, a polymeric dielectric material such as polyimide can be 
5 applied. When polyimide 'is used, it is easy to form, multil aye red high-densjty electrical wiring, which is suitable for pack- 
aging of large-scale optical. integrated chip having multiple electrical wirings such as a matrix optical switch. 

Embodiment 41 

w [0253] Fig. 79 is a schematic exploded perspective, view showing construction of an eighth embodiment of an opti- 
cal sub-module which can be mounted on a forty-first embodiment of the hybrid optical integrated circuit of the present 
invention, and Fig, 80 is a cross sectional view taken. along line D-D', of Fig, 79. . 

[0254] In the present embodiment, as shown in Fig. 79, the carrier 302 comprises the sHicon substrate 302a of pro- 
trusion and recess configuration, and a wiring film 302b having electrical wiring. In the protrusion region of the silicon 

15 substrate 302a, a signal wiring 324a is provided on the polyimide "film surface, and. a microstrip wiring with the ground 
wiring 324b is formed on the backside. The film 302b is provided with a window 352. An inner lead 324c for connecting 
the signal wiring 324b and the optical device active layer side electrode extend inside the window 352. Further, in the 
outer periphery of the film 302b, an outer lead 24d connecting to the signal wiring 324a and an outer lead 324c con- 
necting to the ground wiring 324b are provided. v • 

20 [0255] The optical sub-module is fabricated using the following procedure. That is, first, the optical, device active 
layer side electrode 313a and the inner lead 324c" of the wiring film are connected with solder, the protrusion of the sil- 
icon substrate 302a is inserted from the window 352 of the wirjng'film, and the optical device height reference surface 
314 arid the optical device lateral direction reference surface 315 of.the optical device 301 are individually contacted 
with the optical device holding. surface 321 a and the opticafdevice mounting;dire'ction reference surface 322a and fixed. 
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Embodiment 42 



[0256] Fig. 81 is a schematic perspective view. showing construction of a forty-second embodiment of the hybrid 
optical integrated circuit of the present invention. The present embodiment features that the optical subrrnodule of 

30 Embodiment 41 is included. 

[0257] The optical packaged substrate of the present embodiment is the same in structure as in Embodiment 34 
shown in Figs. 70 to 72. The carrier height reference surface and the carrier lateral direction reference surface of the 
optical sub-module are individually contacted and fixed with the substrate height reference surface and the substrate 
lateral direction reference surface of the optical packaged substrate, the outer lead 324b of the optical sub-module and 

35 the substrate electrical wiring 346 on the over-clad of the optical packaged substrate 304 are electrically connected. 
[0258] As described above, in the optical sub-module of the present embodiment, the carrier is constructed by com- 
bining the silicon substrate in protrusion and recess configuration having positioning function with the and the wiring film 
having electrical wiring function. In particular, electrical connection of the wiring film and the optical device electrode is 
achieved using the inner lead. As a result, compared with the structure of Embodiment 34 and Embodiments 36 to 38 

40 in which the optical device electrodeis connected directly to, the electrical wiring provided on the carrier surface, a 
stress acting upon the optical device can be remarkably reduced. This substantially icnp-royes reliability of the optical 
device. At the same time, using the inner lead, the yield of the electrical. wiring process of the optical device electrode 
and the optical sub-module electrical wiring can be. greatly irnprqved. Further, since microstrip wiring can be easily 
formed on the wiring film, the wiring density can be enhanced. The electrical wiring can also be formed not only on the. 

45 film surface but also inside, multilayered electrical wiring can be easily achieved, in addition, since the outer lead 
extends from the optical sub-module, previous inspection of the optical device before mounting on the optical packaged 
substrate can be carried out very easily. , 
[0259] Since, in the hybrid optical integrated circuit of the present embodiment, the process for positioning and fix- 
ing the optical sub-module on the optical packaged substrate and the process for electrically connecting the optical 

so device electrode and the substrate electrical wiring can be separated from each other, the yield of fabrication can be 
remarkably improved. ' , . . : 

[0260] As described above, in the optical sub-module of the present embodiment, the optical device is mounted on 
the carrier having the electrical wiring function for taking out the electrode of the optical device active layer side and the 
positioning function of the optical device and the optical packaged substrate so that the active layer side contacts. As a 

55 result, electrical wiring of superior high-frequency characteristics can be formed within the optical sub-module, and the 
high-speed characteristics of the optical device can be greatly improved. Further, previous inspection prior to mounting 
the optical device on the optical packaged substrate can be made very easily. Further, th distance from the carrier 
positioning reference surface to the optical device active layer can be set to a standardized value regardless of the opti- 
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cal device size. 

' [0261] Further, in the hybrid optical integrated circuit of the present embodiment, since formation of fine electrical 
wiring pattern is needless on the bottom surface of the device mounting part where a large step is formed, it is possible 
- to mount not only an optical device of a single end coupling type but also that of both end coupling type despite the 
5 embedded type" optical waveguide is used; Further, since the electrical wiring is provided on the carrier and previously 
connected to the optical device before mounting on the substrate, difficulty in simultaneously making core adjustment 
and electrical connection is removed, and the fabrication work is greatly facilitated. 

[0262] The present invention has been described in detail with respect to preferred embodiments, and it will now b 
that changes and modifications may be made without departing from the invention in its broader aspects, and it is the 
w intention, therefore, in the appended claims to cover all sucn changes and modifications as fall within the true spirit of 

invention. **'' " " . r< .", t " , : * 

[0263] An opto-electronic hybrid integrated circuit of the present invention satisfy a low-loss optical waveguide func- 
tion, an optical bench function and a high-frequency' electrical wiring function. The circuit includes a silicon substrate 
(1), an optical waveguide part (!) arranged irv a refcess of the substrate (1), and an optical device mounting part (II) 
15 formed on a protrusion (52) of the substrate (1). An i optical device (37) is mounted on an optical sub-module (44). This 
sub-module (44) is placed on the protrusion (52) . 'An electrical wiring part is disposed on another protrusion 35 of the 
substrate (1). ■ * , . , \ ,T . 

[0264] Ah opto-electronic hybrid integrated circuit, characterized by comprising an opto-electronic hybrid platform, 
said platform including an optical waveguide including an under-clad, a core, and an over-clad; a silicon terrace, a die- 

20 lectric layer, and a conductor pattern provided inside or£ri the surface of said dielectric layer; thickness of said dielectric 
layer being set so that height of said conductor pattern is substantially equal to a.height of said optical waveguide over- 
dad surface; a carrier having an optical device' holding surface for holding 'an optical, device, a carrier height reference 
surface located at a predetermined distance from s^id bptical deyice holding surface, and a carrier electrical wiring; and 
an optical device held bri'said optical devide J holdirt^surface; Wherein a height from said optical functional device active 

25 layer to said carrier height reference surface is set nearly equal to a step between said optical waveguide core and said 
silicon terrace upper surface; said carrier electrical wiring and an active layer side electrode of said optical functional 
. device are electrically connected forming an optical sub-module; a silicon terrace of said opto-electronic hybrid pack- 
aged substrate and said'carrier height reference 'surface' of said optical device sub-module contact, and said conductor 
pattern on said dielectric layer of teidb^o^ie^rahic'nVtiri'd packaged substrate and said carrier electrical wiring of said 

30 optical sub-module are electrically connected. . ... . , r 

■ Claims ! *' *'•' "/ ']~\"[ ' " r 7 \' . . .*/ r - 

1: 'An optoelectronic hybrid integrated i circuit/^ ' 

• an opto-electronic hybrid platform; said platf of m inibluding: ' ~ r 
an optical waveguide including an' undeleted, a core, and ah over-clad; 
' a silicon terrace, a dielectric iayer, and a cohdudto^ pattern provided inside or on the surface of said dielectric 
' • • layer;"/' ' J ' ' ' " V ' ' t - •„ ; ■. ■• 

40 ' thickness of said dielectric layer being set. so that height of said conductor pattern is substantially equal to a 

height of said i '"optical waveguide' bver-cl^d surface;' r V*u.*~;'". 

a carrier having an optical device holding surface.for holding an optical device, a carrier height reference sur- 
face located at a predetermined distance from 'said optical deyice holding surface, and a carrier electrical wir- 
ing; and an optical device held on said optical device holding surface; wherein . 

45 a height from said optical functional device active, layer to said carrier height reference surface is set nearly 

equal to a step between said optical waveguide core and said silicon terrace upper surface; 
said carrier electrical wiring and an active layer side electrode of said optical. functional device are electrically 
' "connected forming an optical sub-module; ~ - . 

a silicon terrace of said opto-electronic hybrid packaged substrate and said carrier height reference surface f. 

so * 'said optical device sub-module contact, and said conductor pattern on said dielectric layer of said opto-elec- 

tronic hybrid packaged substrate and said carrier ejectricaj wiring of said optical sub-module are electrically 
connected. 1 , 
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2. An optical sub-module, characterized by comprising: ~ 

' an opticai functional'device haying an optical device height reference surface at a predetermined distance from 
' an active layer; 

an optical device holding surface for holding said optical functional device; and 



35 " 

BNSDCCID: <EP 10B3460A1_I_> 



EP 1 083 450 A1 



a carrier having a carrier height reference surface at a predetermined distance from said optical device holding 
surface and a carrier electrical wiring; 

said optical device height reference surface of said optical functional device and said optical device holding 
surface of said carrier being contacted and fixed, and an active layer side electrode of said optical functional 
5 device and said carrier electrical wiring being electrically connected. 

3. An optical sub-module as claimed in claim 2, characterized in that 

said carrier is formed of a substrate having protrusion and recess and a dielectric layer formed on said sub- 
10 strate recess, said optical device holding surface and said carrier height reference surface are formed of said 

substrate protrusion, and said carrier electrical wiring is formed on said dielectric layer. 

4. An optical sub-module as claimed in claim 2, characterized in that 

is said dielectric layer forming said carrier is a film-formed material having an electrical wiring layer formed on the 

surface and inside. 

5. An optical sub-module as claimed in claim 2, characterized in that " 
20 said carrier electrical wring is formed on the surface and inside of said carrier . 
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